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Appendix 1: 
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Appendix 1.1 Copper Exposed to Acetic Acid  - Corrosion Results 
 
ppm ppm 
yr 
ºC 
 
 
RH% Days Compound 
description 
Formula Type of  
aanalysis  
Reference 
 
0.005 0.0002 30 100 21 No tarnish   Clarke & 
Longhurst 
1961 
0.05 0.002 30 100 21 No tarnish   Clarke & 
Longhurst 
1961 
0.5 0.02 30 100 21 Brown, blue 
spots 
 NA Clarke & 
Longhurst 
1961 
0.5 0.02 30 100 21 Not provided  NA Donovan & 
Stringer 1971 
0.5 0.1 19 50 120 Not provided Not provided XRD Thickett 1997 
0.5 0.1 19 100 120 Dark brown, 
green, 
copper, 
unidentified 
compound 
 
Cu 
XRD Thickett 1997 
0.5 0.04 60 100 30 Mostly green, 
some white 
 NA Thickett 1997 
5 0.2 30 100 21 Black, blue 
crystals, dark 
green liquid 
 NA Clarke & 
Longhurst 
1961 
5 0.2 30 100 21 Black, blue 
crystals, dark 
green liquid 
 NA Clarke & 
Longhurst 
1961 
5 0.2 30 100 21 Not provided  NA Donovan & 
Stringer 1971 
5 1.6 19 50 120 Dark brown, 
copper, cuprite 
 
Cu, Cu2O 
XRD Thickett 1997 
5 1.6 19 100 120 Dark brown, 
mostly green, 
Copper, 
unidentified 
compound 
 
Cu 
XRD Thickett 1997 
5 0.4 60 100 30 Mostly green, 
some white 
 NA Thickett 1997 
10 0.5 30 40 21 Cuprite, 
copper 
hydroxide 
dihydrate, 
copper acetate 
dihydrate 
(minor) 
Cu2O, Cu(OH)2.2H2O, 
Cu(CH3COO)2.2H2O 
XRD 
XPS 
SEM 
Cano & 
Bastidas 2002 
10 0.5 30 80 21 Cuprite, 
copper 
hydroxide 
dihydrate, 
copper acetate 
dihydrate 
(minor) 
Cu2O, Cu(OH)2.2H2O, 
Cu(CH3COO)2.2H2O 
XRD 
XPS 
SEM 
Cano & 
Bastidas 2002 
10 0.5 30 100 21 Copper, Cu, Cu2O XPS, XRD, Lopez-
  366 
cuprite FTIR, 
SEM, 
gravimetric, 
electro-
chemical 
Delgado et al. 
1998, 
Lopez-
Delgado et al. 
2001, Cano & 
Bastidas 2002 
25 1.4 30 75 21 Slight tarnish  NA Clarke & 
Longhurst 
1961 
50 2.8 30 100 21 Black, blue 
crystals, dark 
green liquid 
 NA Clarke & 
Longhurst 
1961 
50 0.8 30 100 6 Dark, 
blue/green 
spots, dark 
green crystals 
 NA Clarke & 
Longhurst 
1961 
50 2.8 30 100 21 Black, blue 
crystals, dark 
green liquid 
 NA Clarke & 
Longhurst 
1961 
50 2.8 30 100 21 Not provided  NA Donovan & 
Stringer 1971 
50 2.8 30 100 21 Cuprite, 
copper 
hydroxide 
acetate 
dihydrate, 
copper acetate 
dihydrate  
Cu2O, 
Cu(OH)(CH3COO)2.2H2O,  
Cu(CH3COO)2.2H2O 
XPS, XRD, 
FTIR, 
SEM, 
gravimetric, 
electro-
chemical 
Lopez-
Delgado et al. 
1998, 
Lopez-
Delgado et al. 
2001, Cano & 
Bastidas2002 
100 5.7 30 40 21 Cuprite, 
copper 
hydroxide 
dihydrate, 
copper acetate 
dihydrate 
Cu2O, Cu(OH)2.2H2O, 
Cu(CH3COO)2.2H2O 
XRD 
XPS 
SEM 
Cano & 
Bastidas2002 
100 5.7 30 100 21 Cuprite, 
copper 
hydroxide 
acetate 
dihydrate, 
copper acetate 
dihydrate 
Cu2O, 
Cu(OH)(CH3COO)2.2H2O, 
Cu(CH3COO)2.2H2O 
XPS, XRD, 
FTIR, 
SEM, 
gravimetric, 
electro-
chemical 
Lopez-
Delgado et al.  
1998, 
Lopez-
Delgado et al. 
2001, Cano & 
Bastidas2002 
200 11.5 30 100 21 Cuprite, 
copper acetate 
dihydrate 
Cu2O, Cu(CH3COO)2.2H2O 
main component, 
XPS, XRD, 
FTIR, 
SEM, 
gravimetric, 
electro-
chemical 
Lopez-
Delgado et al. 
1998, 
Lopez-
Delgado et al. 
2001, Cano & 
Bastidas2002 
300 17.2 30 40 21 Cuprite, 
copper acetate 
dihydrate 
Cu2O, Cu(CH3COO)2.2H2O XRD 
XPS 
SEM 
Cano & 
Bastidas2002 
300 17.2 30 80 21 Cuprite, 
copper acetate 
dihydrate 
Cu2O, Cu(CH3COO)2.2H2O XRD 
XPS 
SEM 
Cano & 
Bastidas2002 
300 17.2 30 100 21 Cuprite, 
copper acetate 
dihydrate 
Cu2O, Cu(CH3COO)2.2H2O 
main component, 
 
XPS, XRD, 
FTIR, 
SEM, 
gravimetric, 
electro-
chemical 
Lopez-
Delgado et al. 
1998, 
Lopez-
Delgado et al. 
2001, Cano & 
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Bastidas2002 
500 28.7 30 100 21 Black, blue 
crystals, dark 
green liquid 
 NA Clarke & 
Longhurst 
1961 
NA = not analysed 
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Appendix 1.2 Results of Corrosion Tests of Copper with Formic 
Acid and Formaldehyde  
 
ppm 
 
 
ppm 
yr 
 ºC RH
% 
Days Compound description Formula T 
A
n
A
n
o
a
n
a
l
y
i
s
o
f
  
aanalysi
s
 
a
n
a
l
y
s
i
s 
Author 
 
FORMIC ACID     
0.2 0.07 23 75 135 Cuprite, tenorite or 
hydroxy-copper 
compound 
Cu2O, CuO XRD Tetreault et al. 2003 
0.5 0.1 19 50 120 Not provided Cu XRD Thickett 1997 
0.5 0.1 19 100 120 Dark, green, cuprite, 
unidentified compound 
Cu2O XRD Thickett 1997 
0.5 0.04 60 100 30 Black  NA Thickett 1997 
0.6 0.03 30 100 21 Not provided   Donovan & 
Stringer1971 
5 1.6 19 50 120 Dark,  
cuprite 
 
Cu2O 
XRD Thickett 1997 
5 1.6 19 100 120 Copper hydroxide hydrate 
(?), unidentified 
compound 
 XRD Thickett 1997 
5 0.4 60 100 30 Black  NA Thickett 1997 
6 0.3 30 100 21 Not provided  NA Donovan & 
Stringer1971 
8 2.9 23 75 135 Cuprite, tenorite or 
hydroxy-copper 
compound 
Cu2O, CuO XRD Tetreault et al. 2003 
10 0.5 30 40 21 Cuprite, copper hydroxide 
monohydrate, copper 
formate 
Cu2O, (Cu(OH)2.H2O), 
Cu(HCOO)2 
XPS Cano et al. 2001b, 
Cano & Bastidas 2002 
10 0.5 30 80 21 Cuprite, copper hydroxide 
monohydrate, copper 
formate 
Cu2O, (Cu(OH)2.H2O), 
Cu(HCOO)2 
XPS Cano et al. 2001b, 
Cano & Bastidas 2002 
10 0.5 30 100 21 Copper (II) hydroxide 
monohydrate 
(Cu(OH)2.H2O) XRD Lopez-DelGado et al. 
2001, Bastidas 2000 
14 5.1 23 54/
75 
135 Copper formate Cu(CHO2)2 XRD Tetreault et al. 2003 
50 2.8 30 100 21 Cuprite, copper (II) 
hydroxide monohydrate 
Cu2O, (Cu(OH)2.H2O) XRD Lopez-DelGado et al. 
2001, Bastidas 2000 
60 3.4 30 100 21 Not provided  NA Donovan & Stringer 
1971 
100 5.7 30 40 21 Cuprite, copper hydroxide 
monohydrate, copper 
formate 
Cu2O, (Cu(OH)2.H2O), 
Cu(HCOO)2 
XPS Cano et al.  2001b, 
Cano & Bastidas  2002 
100 5.7 30 80 21 Cuprite, copper hydroxide 
monohydrate, copper 
formate 
Cu2O, (Cu(OH)2.H2O), 
Cu(HCOO)2 
XPS Cano et al. 2001b, 
Cano & Bastidas 2002 
100 5.7 30 100 21 Cuprite, copper (II) 
hydroxide monohydrate, 
copper formate 
Cu2O, (Cu(OH)2.H2O) 
Cu(HCOO)2 
XRD Lopez-DelGado et al. 
2001, Bastidas 2000 
140 51.7 23 54/
75 
135 Copper formate dihydrate Cu(CHO2)2.2H2O XRD Tetreault et al. 2003 
200 11.5 30 100 21 Cuprite, Copper hydroxide 
formate, Copper formate 
Cu2O, 
Cu(OH)HCOO 
Cu(HCOO)2 
XRD Lopez-DelGado et al. 
2001, Bastidas 2000 
300 17.2 30 40 21 Cuprite, copper hydroxide 
monohydrate, copper 
formate 
Cu2O, (Cu(OH)2.H2O), 
Cu(HCOO)2 
XPS Cano et al. 2001b, 
Cano & Bastidas 2002 
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300 17.2 30 80 21 Cuprite, copper hydroxide 
monohydrate, copper 
formate 
Cu2O, (Cu(OH)2.H2O), 
Cu(HCOO)2 
XPS Cano et al. 2001b, 
Cano & Bastidas 2002 
300 17.2 30 100 21 Copper hydroxide 
formate, Copper formate 
Cu(OH)HCOO 
Cu(HCOO)2 
XRD Lopez-DelGado et al. 
2001, Bastidas 2000 
FORMALDEHYDE      
0.5 0.1 19 50 120 Dark Cu XRD Thickett 1997 
0.5 0.1 19 100 120 Dark Cu XRD Thickett 1997 
0.5 0.04 60 100 30 Dark, black  NA Thickett 1997 
5 1.6 19 50 120 Black,  
cuprite 
 
Cu, Cu2O 
XRD Thickett 1997 
5 1.6 19 100 120 Dark Cu XRD Thickett 1997 
5 0.4 60 100 30 Dark, black  NA Thickett 1997 
NA = not analysed 
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Appendix 1.3  Copper Corrosion that formed in Experiments of 
Mixed Organic Acids in 135 days at 75% RH 
 
Acetic Acid Formic Acid 
ppm ppm yr ppm ppm yr 
Formal- 
dehyde 
ppm 
Compound Formula ICDD # Colour 
0.2 0.07 0.2 0.07  
11 4.0 0.2 0.07  
  0.2 0.07 0.6 
  0.2 0.07 3 
0.2 0.07 0.2 0.07 0.6 
11 4.0 0.2 0.07 3 
cuprite Cu2O 5-0667 red 
0.2 0.07 8 2.9  
11 4.0 8 2.9  
  8 2.9 0.6 
  8 2.9 3 
0.2 0.07 8 2.9 0.6 
cuprite, 
copper 
formate 
dihydrate 
Cu2 O, 
Cu(CHO2)2.2
H2O 
5-0667 
16-0954 
 
11 4.0 8 2.9 3 copper 
acetate 
hydrate 
Cu(CH3CO2) 
2.H2O 
27-0145 dark green 
From (Tetreault et al. 2003, 240) 
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Appendix 1.4 Corrosion Products on Lead from Exposure to Acetic 
Acid 
 
ppm ppm 
yr 
°C 
 
 
RH
% 
Days Compound 
description 
ICDD  Formula Analy 
Tech 
 
Ref 
 
no 
acid 
 25 95 28  plumbonacrite, 
litharge 
19-
0680 
05-
0561 
Pb5O(OH)2(CO3)3
α-PbO 
XRD 
IC 
Gravi-
metric 
ESE
M-
EDX 
Niklasso
n et al.  
2005 
0.00
01 - 
0.1 
N 
solut
ion 
 45  40 
weeks 
lead carbonate 
hydroxide 
 2PbCO3.Pb(OH)2 XRD Coles et 
al. 1958 
0.02
4-
0.14 
0.024
-0.14 
rt 54 12 
month
s 
plumbonacrite 
(major), 
hydrocerussite 
(minor) 
19-
0680 
Pb5O(OH)2(CO3)3 
 
Pb3(CO3)2(OH)2 
XRD Tetreault 
et al. 
1998 
0.04-
43 
0.01-
21 
rt 34-
75 
6 
month
s 
plumbonacrite 
(major), 
hydrocerussite 
(minor), 
lead acetate 
oxide hydrate 
19-
0680 
Pb5O(OH)2(CO3)3 
 
Pb3(CO3)2(OH)2 
 
Pb(CH3CO2)2. 
2PbO.H2O 
XRD 
SEM 
Tetreault 
et al. 
1998 
0.17 0.01 25 95 28  lead acetate 
oxide hydrate, 
plumbonacrite, 
massicot 
18-
1740 
 
19-
0680 
Pb(CH3CO2)2. 
2PbO.H2O 
Pb5O(OH)2(CO3)3
β-PbO 
XRD 
IC 
Gravi
metric 
ESE
M-
EDX 
Niklasso
n et al.  
2005 
0.5 0.1 19 50 120  
0.5 0.1 19 100 120 
plumbonacrite, 
hydrocerussite, 
lead oxide 
acetate, 
litharge 
 
Pb5O(OH)2(CO3)3
Pb3(CO3)2(OH)2 
Pb(CH3CO2)2. 
2PbO.H2O 
α-PbO 
 
XRD 
0.5 0.04 60 100 30 white, red   NA 
Thickett 
1997 
1.1 0.08 25 95 28  lead acetate 
oxide hydrate, 
plumbonacrite, 
litharge, 
massicot,  
18-
1740 
 
19-
0680 
05-
0561 
Pb(CH3CO2)2. 
2PbO.H2O 
Pb5O(OH)2(CO3)3
α-PbO 
β-PbO  
 
 
XRD 
IC 
Gravi-
metric 
ESE
M-
EDX 
Niklasso
n et al.  
2005 
1.4 0.4 rt 54 120 plumbonacrite, 
lead acetate 
oxide hydrate 
 Pb5O(OH)2(CO3)3
Pb(CH3CO2)2. 
2PbO.H2O, 
XRD Tetreault 
et al. 
1998 
1.4 1.4 rt 54 12 
month
s 
plumbonacrite 
(major), 
hydrocerussite 
(minor)  
19-
0680 
Pb5O(OH)2(CO3)3 
 
Pb3(CO3)2(OH)2 
XRD Tetreault 
et al. 
1998 
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5 1.6 19 50 120  
5 1.6 19 100 120 
plumbonacrite, 
hydrocerussite, 
lead oxide 
acetate, 
litharge 
 
Pb5O(OH)2(CO3)3
Pb3(CO3)2(OH)2 
Pb(CH3CO2)2. 
2PbO.H2O 
α-PbO 
XRD 
5 0.4 60 100 30 white, red   NA 
Thickett 
1997 
7.2 2.3 rt 54 120 Hydrocerussite 
lead acetate 
oxide hydrate, 
lead oxides 
 
18-
1740 
Pb3(CO3)2(OH)2 
Pb(CH3CO2)2. 
2PbO.H2O 
XRD Tetreault 
et al. 
1998 
<8 <3.9 rt 75 6 
month
s 
plumbonacrite 
(major), 
hydrocerussite 
(minor),  
lead acetate 
oxide hydrate 
19-
0680 
Pb5O(OH)2(CO3)3 
 
Pb3(CO3)2(OH)2 
 
Pb(CH3CO2)2. 
2PbO.H2O, 
XRD Tetreault 
et al. 
1998 
14.4 4.7 rt 54 120 hydrocerussite 
lead acetate 
oxide hydrate, 
lead oxides 
 Pb3(CO3)2(OH)2 
Pb(CH3CO2)2. 
2PbO.H2O 
 
XRD Tetreault 
et al. 
1998 
24 7.8 rt 54 120 lead acetate 
oxide hydrate, 
lead acetate 
trihydrate 
18-
1740 
 
 
Pb(CH3CO2)2. 
2PbO.H2O 
Pb(CH3CO2)2. 
3H2O 
XRD Tetreault 
et al. 
1998 
26 12.8 rt 34 6 
month
s 
plumbonacrite 
(major), 
hydrocerussite 
(minor),  
lead acetate 
oxide hydrate 
19-
0680 
Pb5O(OH)2(CO3)3 
 
Pb3(CO3)2(OH)2 
 
Pb(CH3CO2)2. 
2PbO.H2O, 
 
XRD Tetreault 
et al. 
1998 
43 21.2 rt 34 6 
month
s 
lead chloride 
hydroxide 
  XRD Tetreault 
et al. 
1998 
rt = room temperature; NA = not analysed 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  373 
Appendix 1.5 Corrosion Products on Lead from Exposure to Formic 
Acid and Formaldehyde 
 
ppm ppm 
yr 
°C 
 
 
RH
% 
Days Compound 
description 
ICDD  Formula Anal 
Tech 
Ref 
 
FORMIC ACID 
0.35 0.1 21 75 135 lead formate 
hydroxide 
14-
0831 
Pb(CHO2)(OH) XRD Tetreault 
et al. 
2003 
0.5 0.1 19 50 120 lead  Pb 
0.5 0.1 19 100 120 plumbonacrite, 
hydrocerussite, 
litharge 
 Pb5O(OH)2(CO3)3, 
Pb3(CO3)2(OH)2, 
α-PbO 
XRD 
0.5 0.04 60 100 30 white, 
colorless 
  NA 
Thickett 
1997 
1.5 0.5 21 54 135 lead formate, 
lead formate 
hydroxide 
14-
0825 
14-
0831 
Pb(CHO2)2 
Pb(CHO2)(OH) 
XRD Tetreault 
et al. 
2003 
5 1.6 19 50 120  
5 1.6 19 100 120 
plumbonacrite, 
hydrocerussite, 
litharge 
 
Pb5O(OH)2(CO3)3, 
Pb3(CO3)2(OH)2, 
α-PbO 
XRD 
5 0.4 60 100 30 white   NA 
Thickett 
1997 
8.8 3.2 21 54 135 lead formate, 
lead formate 
hydroxide 
14-
0825 
14-
0831 
Pb(CHO2)2, 
Pb(CHO2)(OH) 
XRD Tetreault 
et al. 
2003 
FA* 
+ HP 
 NS hydrocerussite, 
plumbonacrite,  
lead formate, 
lead formate 
hydroxide 
 Pb3(CO3)2(OH)2, 
Pb5O(OH)2(CO3)3, 
Pb(CHO2)2, 
Pb(CHO2)(OH) 
FA*   
20 
high 
17/ 
56 
hydrocerussite, 
plumbonacrite,  
lead formate, 
lead formate 
hydroxide 
 Pb3(CO3)2(OH)2, 
Pb5O(OH)2(CO3)3, 
Pb(CHO2)2, 
Pb(CHO2)(OH) 
XRD 
17 
days 
wt. 
loss 
56  
days 
d
a
y
s
d
a
d
a
y
s 
Raychaud
-huri 
2000 
FORMALDEHYDE 
0.5 0.1 19 50 120 no change  Pb 
0.5 0.1 19 100 120 hydrocerussite, 
plumbonacrite, 
litharge,  
lead 
 Pb3(CO3)2(OH)2, 
Pb5O(OH)2(CO3)3, 
α-PbO,  
Pb 
XRD 
0.5 0.04 60 100 30 white, 
colorless 
  NA 
Thickett 
1997 
5 1.6 19 50 120 no change  Pb XRD Thickett 
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5 1.6 19 100 120 hydrocerussite, 
plumbonacrite, 
litharge, 
lead 
 Pb3(CO3)2(OH)2, 
Pb5O(OH)2(CO3)3, 
α-PbO  
Pb 
 
5 0.4 60 100 30 white   NA 
1997 
F*   20 high 
 
17/56 hydrocerussite, 
plumbonacrite, 
lead oxide 
 Pb3(CO3)2(OH)2, 
Pb5O(OH)2(CO3)3, 
α-PbO 
F*   high 
(no 
light
) 
 lead oxide  α-PbO 
F* + 
HP 
  NS  lead oxide 
hydrocerussite, 
plumbonacrite,  
lead formate 
 α-PbO, 
Pb3(CO3)2(OH), 
Pb5O(OH)2(CO3)3, 
Pb(CHO2)2 
XRD 
  
 
Raychaud
-huri 
2000 
FA = formic acid; F = formaldehyde, HP = hydrogen peroxide, NS = not specified ,  
*  = concentrations not specified; NA = not analysed 
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Appendix 2: 
      Metallographic Cross Sections 
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Appendix 2.2    Leaded Bronze before Testing 
ASTM B505 (Table 4.1 for composition) 
Appendix 2.1 Unleaded Bronze before Testing 
ASTM B584 (Table 4.1 for composition) 
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Appendix 2.3  Coin 2 (leaded) before 
Testing (Table 4.2 for composition) 
Appendix 2.4 Coin 5 (unleaded) before Testing 
(Table 4.2 for composition) 
 
  378 
Appendix 3: 
    Photographs of Coins
  379 
  Appendix 3.1   Coin 1 
Greek 4th – 1st c. BC (average diameter 1.5 cm) 
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Appendix 3.2      Coin 2 
Greek 3rd c. BC head of Zeus (average diameter 1.2 cm) 
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Appendix 3.3    Coin 3 
Carthage 3rd c. BC, Rev. horse and palm, Obv. head of 
Persephone (average diameter 1.5 cm) 
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Appendix 3.4   Coin 4 
Greek, South Italy, ca. 3rd c. BC (average diameter 1.6 cm) 
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Appendix 3.5   Coin 5 
Divus Augustus AD 14-41 (average diameter 2.0 cm) 
 
  384 
 
 
 
 
 
 
 
 
Appendix 3.6   Coin 6 
Trajan/Arabia AD 98-117 (average diameter 2.0 cm) 
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Appendix 4: 
       XRD Spectra 
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Appendix 4.1 18L before testing 
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Appendix 4.2   18U before testing 
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Appendix 4.3       17L after testing 2004 
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Appendix 4.4     18L after testing 2004 
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Appendix 4.5   17U after testing 2004 
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Appendix 4.6     18U after testing 2004 
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Appendix 4.7     17U after testing 2006 
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Appendix 4.8   18U after testing 2006 
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Appendix 4.9     18L after testing 2005 
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Appendix 4.10     17L after testing 2006 
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Appendix 4.11   18L after testing 2006 
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Appendix 4.12    Coin 5 after testing 2004 
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Appendix 4.13  leaded coupon LII 
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Appendix 4.14   Leaded coupons with sesquicarbonate LSII 
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Appendix 4.15   Unleaded coupon UIII 
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Appendix 4.16   Unleaded coupon with sesquicarbonate US IV 
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Appendix 4.17   Chalconatronite/Acetic Acid 
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Appendix 4.18    Malachite/Sesquicarbonate/Acetic Acid 
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Appendix 4.19 (blue) Malachite/Sesquicarbonate/Acetic Acid 
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Appendix 4.20   Malachite/Acetic Acid 
 
 
 
 
 
  406 
Appendix 4.21  Sesquicarbonate/Acetic Acid 
 
 
 
 
  407 
Appendix 4.22  Fitzwilliam Sample 3  E.38.1971  statuette of 
Horus 
 
 
 
 
 
 
 
  408 
Appendix 4.23       Fitzwilliam Sample 4 
 
 
 
 
 
 
 
  409 
Appendix 4.24      Fitzwilliam Sample 6 
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Appendix 4.25      Sample Agora A   Axe Head 
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Appendix 4.26  Sample BM9 unregistered Saqqara object 
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Appendix 5: 
   Results of Gravimetric Analysis 
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  417 
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  419 
Appendix 6: 
 
        SEM Photos and EDS Spectra of Leaded 
        and Unleaded Test Coupons and Two  
        Coins exposed to 40 ppm Acetic Acid at  
        86% RH  
 
        SEM Photos of Two Corrosion Samples  
        from the Athenian Agora  
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Appendix 6.1 18U after 1 week   500x 
 
 
 
Appendix 6.2   18U after one week 
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Appendix 6.2   18U after one week 
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Appendix 6.3  18U after one week  50x 
 
 
 
Appendix 6.4     18U after 8 weeks 153x 
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Appendix 6.5    17U after one week 50x 
 
 
 
Appendix 6.6   17U after 3 weeks 400x 
 
 
 
 
 
 
  424 
Appendix 6.7     17U after 8 weeks 400x 
 
 
 
Appendix 6.8     17U after 8 weeks 200x 
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Appendix 6.9        17L after one week 
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Appendix 6.9        17L after one week 
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Appendix 6.10   17L after one week 50x 
 
 
 
Appendix 6.11   17L after 2 weeks  400x 
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Appendix 6.12    17L after 8 weeks  50x 
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Appendix 6.13   17L after 8 weeks 
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Appendix 6.13   17L after 8 weeks 
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Appendix 6.14   18L after one week  50x 
 
 
 
Appendix 6.15  18L after 2 weeks  1500x 
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Appendix 6.16    18L after 2 weeks 
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Appendix 6.16    18L after 2 weeks 
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Appendix 6.17    18L after 4 weeks  400x 
 
 
 
Appendix 6.18   18L after 8 weeks 
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Appendix 6.18   18L after 8 weeks 
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Appendix 6.19    Coin 2 after one week  50x 
 
 
 
Appendix 6.20  Coin 2 after 2 weeks 
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Appendix 6.20  Coin 2 after 2 weeks 
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Appendix 6.21  Coin 2 after 4 weeks  50x 
 
 
 
Appendix 6.22    Coin 2 after 8 weeks  50x 
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Appendix 6.23    Coin 5 after 1 week  80x 
 
 
 
Appendix 6.24    Coin 5 after 1 week  400x 
 
 
 
 
 
  440 
Appendix 6.25   Coin 5 after 8 weeks  400x 
 
 
 
Appendix 6.26 
Sample Agora 1, chalconatronite on bronze ring ΣT, 3930x 
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Appendix 6.27 
Sample Agora 3a, thenardite and connellite on bronze ring ΣT, 1182x 
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Appendix 7: 
     Solubility of Metals
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 Pb Lead Lead (II) acetate 
Pb(C2H3O2)2 
Lead (IV) acetate 
Pb(C2H3O2)4 
Lead (II) acetate 
trihydrate 
Pb(C2H3O2)2.3H2O 
 
Solubility s concentrated acid vs H2O Reacts with H2O vs H2O 
Morphology  Soft silver grey metal  
cubic 
White crystal Colorless 
Monoclinic crystal 
Colorless crystal 
 
 Basic lead (II)  
Acetate Pb(C2H3O2)2. 
2PbO.2H2O 
 
Lead (II)  
Carbonate 
PbCO3 
Lead acetate  
hydroxide hydrate 
Pb(CH3CO2)2. 
Pb(OH)2.H2O 
 
Basic lead (II)  
carbonate 
Hydrocerussite                     
Pb(OH)2.2PbCO3 
Solubility Not provided ins H2O vs ins H2O 
s acid 
Morphology  White powder Colorless 
Orthorhombic 
crystal 
 White hexagonal 
Crystal 
 
 
 Basic lead 
carbonate 
Plumbo-nacrite 
6PbCO3.3Pb 
(OH)2.PbO 
 
Lead 
acetate 
oxide hydrate* 
Pb(CH3CO2)2. 
2PbO.H2O 
Lead (II) oxide 
hydrate 
3PbO.H2O 
 
Lead (II) oxide 
massicot 
PbO 
Solubility Not provided ins H2O ins H2O  
s dil acid 
ins H2O 
s dil HNO3 
Morphology  Not provided Not provided White powder Yellow 
orthorhombic 
crystal 
 
 Lead (II) 
oxide 
litharge 
PbO 
 
Lead (II,IV) oxide 
Pb2O3 
Lead (II,II,IV) 
oxide Pb3O4 
Lead (IV) 
oxide 
PbO2 
Lead (II) 
hydroxide 
Pb(OH)2 
Solubility ins H2O  
s dil HNO3 
ins H2O 
reacts with conc. 
HCl 
ins H2O 
s hot HCl 
Not provided ins H2O  
s acid 
Morphology  Red 
tetragonal 
crystal 
Black monoclinic 
crystal or red 
amorphous powder 
Red tetragonal 
crystal 
Red tetragonal 
crystal or 
brown powder 
White 
powder 
 
s = soluble, vs = very soluble, ins = insoluble, dil = dilute 
Taken from CRC, 79th edition, 1998, 4-65,66 
* Tetreault et al. 1998 
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 Cu copper Copper (I) 
oxide  
Cu2O 
cuprite 
Copper (II) 
oxide  
CuO 
Tenorite 
 
Copper (I) 
acetate 
CuC2H3O2 
Copper (II) 
acetate  
Cu(C2H3O2)2 
Copper (II) acetate 
monohydrate 
Cu(C2H3O2)2.H2O  
Solubility Slightly s 
in dil acid 
ins H2O ins H2O 
s dil acid 
Reacts with 
H2O 
Not provided s H2O 
 
Morpho-
logy  
Red metal  
cubic 
Red brown 
Cubic 
crystal 
Black 
powder or 
monoclinic 
crystal 
Colorless 
crystal 
Blue green 
hygroscopic 
powder 
Green monoclinic 
crystal 
 
 Copper (II) basic 
acetate  
Cu(C2H3O2)2.CuO.6H2O 
Copper (II) 
carbonate 
hydroxide 
CuCO3.Cu(OH)2 
malachite 
Copper (II) 
carbonate 
hydroxide 
CuCO3.Cu(OH)2 
azurite 
Copper 
(II) 
hydroxide 
Cu(OH)2 
Spertinite 
 
Sodium copper 
carbonate hydrate  
Na2Cu(CO3)2.3H2O 
Chalconatronite1 
 
Solubility slightly s H2O 
s dil acid 
ins H2O 
s dil acid 
ins H2O 
 
ins H2O 
s acid 
partially s H2O 
s dil acid 
Morpho-
logy  
Blue green crystal or 
powder 
Green 
monoclinic 
crystal 
 Blue 
green 
powder 
Monoclinic  
 
 Copper (II) formate 
Cu(CHO2)2 
Copper (II) formate 
tetrahydrate 
Cu(CHO2)2.4H2O 
 
Sodium copper 
carbonate acetate3 
NaCu(CO3)(CH3CO2) 
Copper sodium 
formate acetate2 
CuNaCxHyO6 
Solubility s H2O s H2O partially s H2O 
 
partially s H2O 
 
Morpho-
logy  
Blue crystal Blue monoclinic crystal   
 
 s = soluble, vs = very soluble, ins = insoluble, dil = dilute 
 Taken from CRC, 79th edition, 1998, 4-54,55,56; 4-85,86  
 1 Frondel, Gettens, 1955, Chalconatronite, a New Mineral from Egypt, Science, New Series, Vol. 122, no. 3158,    
75-76 
 2determined by the author in this study 
 3Thickett, 1998 
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s = soluble, vs = very soluble, ins = insoluble, dil = dilute 
Taken from CRC, 79th edition, 1998, 4-91,92 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 Sn tin 
(white) 
Sn tin 
(grey) 
Tin (II) 
oxide SnO 
Tin (IV) 
oxide SnO2 
Tin (II) acetate 
Sn(C2H3O2)2 
Tin (II) 
hydroxide 
Sn(OH)2 
 
Solubility Not 
provided 
Not 
provided 
ins H2O 
s acid 
ins H2O 
 
s dil HCl Not provided 
Morpho-
logy  
Silver 
tetragonal 
crystal 
Cubic 
crystal 
Blue black 
tetragonal 
crystal 
Gray 
tetragonal 
crystal 
White 
orthorhombic 
crystal 
White 
amorphous 
solid 
Appendix 7.3 Solubility of Tin and Tin Compounds  
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     FTIR Patterns 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  447 
Appendix 8.1    FTIR Scott’s copper acetate compounds 
database UCLA 
 
Compound A 
Cu0075 
Compound B  
Cu0073 
Compound B 
Cu0001 
Wavelength intensity Wavelength intensity wavelength intensity 
3170 M 3140 S 3175 S 
1567 S 1574 W 1574 W 
1493 W 1526 M 1526 S 
1393 S 1444 W 1393 S 
1029 W 1403 S 1349 M 
910 M 1350 W 1292 W 
679 M 1030 M 1029 M 
  917 W 920 W 
  665 S 679 S 
      
Compound C 
Cu0016 
Compound D 
Cu0085 
Compound D-yt 
Cu0076 
Wavelength intensity wavelength intensity wavelength intensity 
3140 S 3170 S 3287 M 
1574 W 1574 W 1545 S 
1526 M 1527 S 1407 S 
1444 W 1405 S 1344 W 
1403 S 1350 W 1022 M 
1350 W 1292 W 947 W 
1030 M 1029 M 792 S 
917 W 920 W   
665 S 680 S   
      
Compound D-yt 
Cu0002 
Compound F 
Copper Acetate Hydrate 
C05730 
Compound H or A 
Cu0019 
wavelength intensity wavelength intensity wavelength intensity 
3609 W 3699 W 3565 W 
3520 W 3482 W 3292 S 
3325 W 3376 W 1997 W 
3185 S 3272 W 1564 S 
1526 S 2982 W 1491 W 
1405 S 2935 W 1393 S 
1345 W 2277 W 1338 W 
1047 W 1725 W 1024 W 
1022 M 1649 W 910 M 
947 W 1603 S 845 W 
790 M 1507 W 672 W 
635 S 1445 S   
  1421 W   
  1355 W   
  1180 W   
  448 
  1147 W   
  1115 W   
  1052 M   
  1035 M   
  693 S   
  627 S   
  520 W   
      
Compound H or A 
Cu0022 
    
wavelength intensity     
3200 S     
1570 W     
1530 M     
1402 S     
1290 M     
1028 M     
920 W     
679 S     
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Appendix 8.2 FTIR Results of Corrosion Test pieces 
(wavelength cm-1 and intensity) 
 
FTIR 1 
17Ugreen 
FTIR 2  
17Ugreen 
FTIR 3  
17Ugreen 
  wavelength intensity wavelength intensity 
      
Not  available 3641 W 2923 W 
  2998 M 1548 S 
  2955 S 1378 S 
  1733 S 1332 S 
  1448 S 1019 M 
  1388 M 719 M 
  1267 S 663 S 
  1175 S 612 M 
  956 W   
  842 W   
  750 M   
 
FTIR 4  
18Ublue 
FTIR 5  
18Ublue 
FTIR 6  
17Lgreen 
wavelength intensity wavelength intensity wavelength intensity 
3558 M 3243 S 3368 W 
3268 M 1538 S 1599 S 
2941 W 1408 S 1419 S 
2362 W 1025 W 687 S 
2343 W 934 W   
2265 W 676 M   
1732 W 616 W   
1651 W     
1591 S     
1418 S     
1356 W     
1333 W     
1048 W     
1033 M     
942 W     
687 S     
626 M     
 
FTIR 7  
17Lgreen 
FTIR 8 
17Lblue 
FTIR 9  
17Lwhite 
wavelength intensity wavelength intensity wavelength intensity 
3213 M 3244 W 3214 M 
1539 S 1543 S 1520 S 
1393 S 1413 S 1385 S 
1332 W 1017 W 1012 S 
1018 M 690 W 932 M 
  450 
933 W   657 s 
660 M     
609 W     
 
FTIR 10  
18Lgreen 
FTIR 11  
18Lgreen 
FTIR 12  
18Lblue 
wavelength intensity wavelength intensity wavelength intensity 
3207 S 3229 M 3243 S 
1511 S 1538 S 1538 S 
1392 S 1403 S 1404 S 
1333 W 1334 W 1023 W 
1048 W 1019 W 934 W 
1020 M 661 M 676 W 
935 W 612 W 615 W 
657 M     
615 w     
 
FTIR 13 
18Lwhite 
FTIR 14  
Coin2blue 
FTIR 15  
Coin2white 
wavelength intensity wavelength intensity wavelength intensity 
3230 M 3293 M 3534 W 
1526 M 1729 W 1393 S 
1393 S 1539 M 1044 W 
1012 W 1394 S 772 M 
932 W 1051 W 678 S 
678 M 1020 W   
613 W 931 W   
  837 S   
  677 S   
  612 W   
 
FTIR 16  
Coin5bluegreen 
FTIR 17  
Coin5bluegreen 
FTIR 18  
Coin5white 
wavelength intensity wavelength intensity wavelength intensity 
2977 W 3334 S 3234 S 
2355 M 1568 W 1535 S 
2327 W 1526 S 1408 S 
1562 W 1403 S 675 M 
1507 W 1029 W 616 W 
1405 W 915 W   
1339 W 680 M   
1215 M 614 W   
1180 W     
1011 W     
864 W     
623 W     
W=weak, m=medium, s=strong;  
U = unleaded bronze ASTMB584; L = leaded bronze ASTM B505 
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Appendix 9 Raman Spectra of Copper Acetates   
(wavelength cm-1)* 
 
Compound  
A 
Compound  
B 
Compound  
B2 
Compound 
B4 
Compound  C 
3612 
3579 
3517 
3405 
3257 
3020 
2988 
2936 
2164 
1552 
1439 
1429 
1409 
1405 
1353 
1342 
935 
650 
615 
501 
485 
474 
403 
214 
159 
144 
112 
3026 
2990 
2938 
2857 
1573 
1550 
1526 
1441 
1414 
1407 
1351 
941 
932 
679 
621 
522 
501 
473 
398 
386 
330 
315 
232 
198 
183 
164 
141 
135 
121 
3473 
3374 
3031 
3022 
2988 
2981 
2936 
2860 
2162 
1531 
1441 
1417 
1360 
1052 
948 
938 
702 
684 
633 
319 
298 
251 
231 
225 
212 
179 
140 
124 
117 
107 
3442 
3009 
2986 
2934 
2855 
1573 
1549 
1441 
1420 
1351 
941 
684 
526 
511 
333 
314 
242 
218 
184 
132 
3468 
3373 
3267 
3022 
2981 
2940 
2857 
2790 
2698 
1533 
1446 
1438 
1414 
1409 
1360 
948 
938 
701 
681 
471 
320 
298 
251 
231 
223 
185 
178 
141 
125 
103 
Compound  
D2 
Compound  
D3-3 
Compound  
D* 
Compound 
D5-1 
Compound F 
(Copper 
acetate 
monohydrate) 
3610 
3578 
3519 
3403 
3258 
3019 
2987 
2935 
2678 
1551 
1436 
3607 
3570 
3552 
3515 
3453 
3380 
3277 
3020 
2986 
2936 
1574 
3612 
3578 
3512 
3407 
3269 
3019 
2995 
2986 
2934 
1549 
1441 
3618 
3609 
3572 
3557 
3510 
3411 
3004 
2980 
2933 
1566 
1477 
3480 
3022 
2982 
2939 
1552 
1439 
1418 
1360 
1051 
948 
937 
  453 
1409 
1354 
1342 
936 
716 
649 
614 
498 
486 
450 
402 
221 
157 
111 
 
1445 
1421 
1343 
931 
643 
484 
283 
219 
139 
1408 
1345 
938 
646 
497 
401 
229 
156 
141 
 
1438 
1422 
1347 
926 
469 
139 
702 
683 
321 
295 
251 
231 
224 
212 
178 
* from Chaplin et al.,  p. 227 
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Appendix 10.1 XRD  Basic Copper Acetate Compounds*  
 
Compound A 
XRD 625 
Compound A  
after Van T'H 
Compound B  
after M & S 
Compound B  
lab syn. 
d value intensity 
% 
d value intensity 
% 
d value intensity 
% 
d value intensity 
% 
9.3 100 17.3 40 8.4 40 10.66 60 
6.98 40 12.3 70 6.7 5 9.18 50 
6.27 20 11.9 80 5.8 5 8.45 100 
5.79 20 9.3 100 4.8 6 7.35 5 
5.44 20 8.5 90 4.08 8 6.5 2 
5.17 20 8.2 60 3.88 30 6.15 1 
4.72 90 7.83 40 3.56 8 5.17 10 
4.34 10 4.48 50 3.45 80 4.47 2 
4.11 30 4.11 70 3.31 70 4.05 1 
3.75 10 3.8 20 3.1 100 3.72 10 
3.55 10 3.42 40 2.83 50 3.62 2 
3.4 10 3.21 20 2.73 10 3.4 1 
3.16 80 3.06 50 2.64 10 3.2 2 
3.04 10 2.4 50 2.48 10 2.98 1 
2.83 30 2.32 10 2.21 60 2.77 10 
2.67 70 2.16 30 2.11 10 2.61 5 
2.5 60 2.03 50 2.06 5 2.44 2 
2.35 50 1.71 50 1.86 10 2.35 5 
2.24 60 1.52 30   2.23 1 
2.17 60       
2.04 30       
1.99 5       
1.94 30       
1.89 30       
1.76 20       
1.69 20       
1.64 20       
1.61 30       
1.57 30       
1.54 10       
1.51 10       
1.41 20       
1.38 20       
1.35 20       
       
 
 
Compound B1 
XRD 689 
Compound B2 lab 
syn XRD 690 
Compound B3 
XRD 691 
Compound B4 
 lab syn. 
d value intensity 
% 
d value intensity 
% 
d value intensity 
% 
d value intensity 
% 
11.06 10 11.32 100 9.24 5 6.47 80 
10.04 100 10.02 95 6.88 100 6.1 10 
8.45 95 8.32 95 6.23 20 3.8 2 
7.12 15 7.18 10 5.83 20 3.64 100 
6.55 15 6.5 10 5.38 20 3.54 2 
5.77 10 5.84 10 4.22 5 3.24 1 
5.16 10 5.15 10 3.52 40 3.05 20 
4.87 5 4.84 5 3.06 10 2.69 1 
4.6 20 4.59 10 2.64 10 2.63 80 
3.93 35 3.96 30 2.31 10 2.48 95 
3.54 15 3.6 40 1.97 5 2.39 5 
3.4 10 3.38 5 1.87 5 2.3 50 
3.35 5 3.24 10   2.16 20 
3 10 3.01 10   2.03 2 
2.87 10 2.87 25   1.93 10 
2.75 10 2.75 20   1.81 10 
  456 
2.67 2 2.63 25   1.74 2 
2.53 10 2.47 25   1.66 15 
2.47 5 2.32 25   1.58 7 
2.39 5 2.15 5     
2.33 5 2.02 10     
2.19 2 1.92 10     
2.1 2 1.81 15     
2.03 2 1.66 10     
1.86 5 1.56 5     
  1.43 5     
        
        
Compound B5 
XRD 696 
Compound C 
 after M & S yt 
Compound D 
 lab syn. ytD 
Compound H 
d value intensity 
% 
d value intensity 
% 
d value Intensity 
% 
d value Intensity 
% 
11.37 10 15.42 20 14.95 3 16.31 100 
10.11 5 10.52 100 9.25 100 11.82 6 
9.18 100 6.54 15 5.12 3        9.42             8 
8.31 10 5.39 10 4.67 30        7.81             4 
6.89 80 4.03 2 4.07 5        6.18           11 
6.18 40 3.59 5 3.68 3         5.1            8 
5.8 10 3.44 10 3.42 3        4.32            2 
5.52 15 3.12 5 3.11 20        3.86            1 
4.64 20 2.9 3 2.78 5        3.39         0.4 
4.31 10 2.78 40 2.67 10        3.08         2.5 
4.06 10 2.46 3 2.58 5        2.86           1 
3.63 10 2.41 10 2.45 15        2.60           2 
3.4 5 2.2 10 2.29 10        2.23           4 
3.3 10 1.79 2 2.17 5   
3.04 5 1.69 5 2.01 2   
1.92 5 1.63 5 1.89 10   
1.82 5 1.62 5 1.58 5   
1.71 5 1.58 3 1.52 5   
  1.42 3 1.45 3   
  1.36 3     
*From Scott, RIC 2001, 79, 80 
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Appendix 10.2 Test Series I: Part One  
XRD d-spacings and intensities of test pieces from 86% RH and 40 ppm 
 
18U 18L 17U 17L 
d-spacings Intensities 
% 
d-spacings Intensities 
% 
d-spacings Intensities 
% 
d-spacings Intensities 
% 
6.92246 100 6.95726 100 6.90549 100 6.90195 100 
6.17381 63 6.15436 34.1 6.16567 48.6 6.10468 9.2 
5.81863 24 5.81653 19.2 5.79404 18 5.71608 59.2 
5.37980 24 5.36635 41.7 5.36667 23.4 5.37030 8.8 
4.28004 3 4.84411 8.2 4.71729 4.1 3.75916 12.9 
4.08554 7 4.29068 11.9 4.27395 6.2 3.57671 10.3 
3.86917 1 4.08307 34.5 4.07939 6.8 3.51188 20.9 
3.53022 22 3.75418 18.3 3.58123 13.8 3.50101 12.4 
3.43982 17 3.54478 36.9 3.51687 16.8 3.44218 24.8 
3.28696 3 3.48215 14.4 3.44414 14 3.34832 4.5 
3.08302 4 3.06485 7.6 3.28658 5.4 3.28052 4.6 
2.96121 2 2.93246 13.6 3.08117 6.6 3.06840 11.9 
2.68993 2 2.46123 64.6 3.02583 5.1 2.94222 10.5 
2.58882 3 2.38885 12.6 2.96111 4.7 2.45624 21.5 
2.53910 4 2.33171 11.3 2.68248 5.4 2.38531 5.4 
2.49268 1 2.28394 21.2 2.64249 4.4 2.35640 5.7 
2.38556 5 2.22383 9.8 2.58755 6.4 2.32372 4.8 
2.32771 8 2.11832 82 2.53751 5.5 2.28256 39.9 
2.28291 9 2.02939 16.4 2.42342 4.3 2.12073 21.8 
2.22054 8 1.96342 15.6 2.38396 6 2.02996 8.9 
2.12768 34 1.91857            ? 2.32568 6.7 1.92032 5.2 
2.02704 4 1.83282 67.7 2.28431 9.1 1.88973 20.5 
1.96220 6 1.69321 13 2.21922 9.3 1.83125 31.9 
1.92411 3 1.56421 8.7 2.17883 4.4 1.50549 5.7 
1.84823 9 1.50608 38.3 2.13014 48.3 1.38457 8.8 
1.75928 2 1.47347 5.6 2.02428 5.7   
1.70899 1 1.42740 6.6 1.96320 5.8   
1.69142 3 1.29214 60.8 1.92257 5.8   
1.66136 1   1.85089 13.1   
1.56530 1   1.79320 4.3   
1.49739 1   1.73107 4.1   
1.30463 3   1.70743 4.3   
1.22073 1   1.69263 4.8   
    1.66118 4.2   
    1.62846 4.3   
    1.59847 4.1   
    1.56604 4.4   
    1.49674 4.5   
    1.30596 9.4   
    1.30081 7.1   
    1.25207 3.9   
    1.22216 4.5   
 
d values = match those of copper acetate  
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Appendix 10.3 Test Series I: Part One  
XRD of Leaded Bronze Test Pieces 17L and 18L Compared to Standards 
 
17L AT 
ASTM B505 
18L AT 
ASTM B505 
14-0811 
copper acetate hydrate 
27-0145 
copper acetate 
hydrate  
(Compound F) 
  d value intensity 
% 
d value intensity 
% 
d value intensity 
% 
6.90195 100 6.95726 100 7.71 84.6 6.91000 100 
6.10468 9.2 6.15436 34.1 6.94 77.8 6.17000 35 
  5.81653 19.2 6.22 61.6 5.87000 25 
5.71608 59.2 5.36635 41.7 5.91 100 5.75 16 
5.37030 8.8 4.84411 8.2 5.8 85.9 5.38000 25 
  4.29068 11.9 5.41 49.8   
  4.08307 34.5 5.3 46.9 4.28000 2 
  3.75418 18.3 4.11 47.6 4.09000 4 
  3.54478 36.9 4.08 49.5 4.05000 2 
3.75916 12.9 3.48215 14.4 3.87 59.1   
3.57671 10.3 3.06485 7.6 3.6 63.2 3.58800 12 
3.51188 20.9 2.93246 13.6 3.54 66 3.52700 20 
3.50101 12.4 2.46123 64.6 3.5 66.1   
  2.38885 12.6 3.31 65.9 3.45500 4 
3.44218 24.8 2.33171 11.3 3.1 66.5 3.43400 4 
3.34832 4.5 2.28394 21.2 3.04 71.4   
3.28052 4.6 2.22383 9.8 2.98 63.1 3.29200 4 
3.06840 11.9 2.11832 82 2.78 51.1 3.08700 4 
  2.02939 16.4 2.77 56.9 3.03300 2 
2.94222 10.5 1.96342 15.6 2.7 51.1 2.96700 2 
  1.91857  2.65 48 2.87500 2 
  1.83282 67.7 2.62 51.3 2.77300 2 
  1.69321 13 2.6 54.5 2.72300 2 
  1.56421 8.7 2.55 45.4 2.68800 2 
  1.50608 38.3 2.52 44.2 2.64500 2 
  1.47347 5.6 2.43 47.9 2.60900 2 
  1.42740 6.6 2.4 46.5 2.59200 2 
  1.29214 60.8 2.34 134.5 2.57600 1 
    2.3 51.9 2.54300 4 
    2.23 58.5 2.51000 2 
    2.19 71.3 2.49500 2 
2.45624 21.5   2.03 67.4 2.42500 2 
    1.97 58.5 2.39300 4 
2.38531 5.4   1.93 54.5 2.38700 4 
2.35640 5.7   1.9 51   
2.32372 4.8   1.88 52 2.33000 8 
2.28256 39.9     2.29000 10 
      2.27900 4 
      2.22600 4 
      2.22200 4 
      2.18600 2 
      2.14900 1 
  459 
2.12073 21.8     2.13700 2 
      2.03500 2 
2.02996 8.9     2.02700 4 
1.92032 5.2     1.97600 1 
      1.96300 4 
      1.95200 2 
      1.92800 2 
      1.89100 2 
1.88973 20.5     1.87400 2 
1.83125 31.9     1.83000 2 
      1.80200 1 
      1.79400 1 
      1.77400 2 
      1.76300 4 
      1.75300 1 
      1.71800 1 
      1.71000 2 
      1.69500 2 
      1.66600 2 
      1.63200 1 
      1.61600 1 
      1.60000 1 
      1.56700 2 
      1.54400 1 
      1.51300 1 
      1.51100 1 
1.50549 5.7     1.50500 1 
      1.48300 1 
      1.45200 1 
      1.42800 2 
      1.42100 1 
      1.41100 1 
      1.41000 1 
      1.39200 2 
      1.38700 1 
1.38457 8.8     1.38100 1 
      1.37300 2 
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Appendix 10.4 Test Series I: Part One  
XRD of Unleaded Bronze Test Pieces 17U and 18U Compared to 
Standards 
 
18U AT  
ASTM B584 
17U AT 
ASTM B584 
27-0145 
copper acetate 
hydrate 
46-0859 
copper acetate 
14-0811 
copper acetate 
hydrate 
d value intensity 
% 
d value intensity 
% 
d value intensity 
% 
d value intensity 
% 
d value intensity 
% 
          
6.92246 100 6.90549 100 6.91000 100 6.90000 100 7.71 84.6 
6.17381 63 6.16567 48.6 6.17000 35 6.16000 38 6.94 77.8 
5.81863 24 5.79404 18 5.87000 25 5.86000 25 6.22 61.6 
5.37980 24 5.36667 23.4 5.75 16 5.37000 27 5.91 100 
4.28004 3 4.71729 4.1 5.38000 25 3.58700 33 5.8 85.9 
4.08554 7 4.27395 6.2 4.28000 2 3.52700 49 5.41 49.8 
3.86917 1 4.07939 6.8 4.09000 4 2.39000 20 5.3 46.9 
3.53022 22 3.58123 13.8 4.05000 2 2.33100 24 4.11 47.6 
3.43982 17 3.51687 16.8 3.58800 12 2.29200 74 4.08 49.5 
3.28696 3 3.44414 14 3.52700 20 1.96600 22 3.87 59.1 
3.08302 4 3.28658 5.4 3.45500 4   3.6 63.2 
2.96121 2 3.08117 6.6 3.43400 4   3.54 66 
2.68993 2 3.02583 5.1 3.29200 4   3.5 66.1 
2.58882 3 2.96111 4.7 3.08700 4   3.31 65.9 
2.53910 4 2.68248 5.4 3.03300 2   3.1 66.5 
2.49268 1 2.64249 4.4 2.96700 2   3.04 71.4 
2.38556 5 2.58755 6.4 2.87500 2   2.98 63.1 
2.32771 8 2.53751 5.5 2.77300 2   2.78 51.1 
2.28291 9 2.42342 4.3 2.72300 2   2.77 56.9 
2.22054 8 2.38396 6 2.68800 2   2.7 51.1 
2.12768 34 2.32568 6.7 2.64500 2   2.65 48 
2.02704 4 2.28431 9.1 2.60900 2   2.62 51.3 
1.96220 6 2.21922 9.3 2.59200 2   2.6 54.5 
1.92411 3 2.17883 4.4 2.57600 1   2.55 45.4 
1.84823 9 2.13014 48.3 2.54300 4   2.52 44.2 
1.75928 2 2.02428 5.7 2.51000 2   2.43 47.9 
1.70899 1 1.96320 5.8 2.49500 2   2.4 46.5 
1.69142 3 1.92257 5.8 2.42500 2   2.34 134.5 
1.66136 1 1.85089 13.1 2.39300 4   2.3 51.9 
1.56530 1 1.79320 4.3 2.38700 4   2.23 58.5 
1.49739 1 1.73107 4.1 2.33000 8   2.19 71.3 
1.30463 3 1.70743 4.3 2.29000 10   2.03 67.4 
1.22073 1 1.69263 4.8 2.27900 4   1.97 58.5 
  1.66118 4.2 2.22600 4   1.93 54.5 
  1.62846 4.3 2.22200 4   1.9 51 
  1.59847 4.1 2.18600 2   1.88 52 
  1.56604 4.4 2.14900 1     
  1.49674 4.5 2.13700 2     
  1.30596 9.4 2.03500 2     
  1.30081 7.1 2.02700 4     
  461 
  1.25207 3.9 1.97600 1     
  1.22216 4.5 1.96300 4     
    1.95200 2     
    1.92800 2     
    1.89100 2     
    1.87400 2     
    1.83000 2     
    1.80200 1     
    1.79400 1     
    1.77400 2     
    1.76300 4     
    1.75300 1     
    1.71800 1     
    1.71000 2     
    1.69500 2     
    1.66600 2     
    1.63200 1     
    1.61600 1     
    1.60000 1     
    1.56700 2     
    1.54400 1     
    1.51300 1     
    1.51100 1     
    1.50500 1     
    1.48300 1     
    1.45200 1     
    1.42800 2     
    1.42100 1     
    1.41100 1     
    1.41000 1     
    1.39200 2     
    1.38700 1     
    1.38100 1     
    1.37300 2     
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Appendix 10.5  Test Series I: Part One  
XRD patterns from Getty 2006 analysis 
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Appendix 10.6  Test Series I: Part One  
XRD d-spacings and intensities of test pieces from 54% RH and 40 ppm 
 
9U AT 9L AT               10U AT 10L AT 
d value intensity 
% 
d value intensity 
% 
d value intensity 
% 
d value intensity 
% 
6.93387 4.5 7.59308 3 6.92774 5 6.73709 21 
2.35184 2.5 6.83582 1 6.15741 2 3.84325 6.8 
2.22129 3.1 5.83502 5.1 2.45466 13.3 3.58619 10.3 
2.12639 100 4.81197 1.8 2.34886 1.9 3.48294 10.2 
1.85047 33 3.92085 9.5 2.21562 2.7 3.35739 25.5 
1.49734 1.1 3.07852 0.5 2.12531 100 3.1892 22 
1.30460 5.2 2.93997 26.7 1.84895 24.4 3.08895 5.2 
1.22162 0.9 2.74119 0.9 1.49916 2.8 3.00423 11.2 
  2.60424 1.3 1.30455 18.7 2.85377 4.5 
  2.35121 21.3 1.27912 1.9 2.72006 6.8 
  2.19847 2.4 1.22125 3 2.45052 100 
  2.11251 100   2.33349 13.3 
  2.03452 2.7   2.2361 26.5 
  1.96047 5.4   2.20111 13.4 
  1.83379 33.4   2.11196 427.6 ? 
  1.77238 0.8   2.0403 17.3 
  1.295 3.6   2.01114 4.3 
      1.83348 113.5 ? 
      1.77431 5.2 
      1.74777 4.6 
      1.50135 21 
      1.29259 50.1 
        
 
d values = match those of copper acetate although intensities differ 
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Appendix 10.7  Test Series II  XRD Results 
 
Chalconatronite exposed to 
acetic acid 
Sodium copper carbonate 
acetate (British Museum)* 
Malachite and sodium 
sesquicarbonate exposed to 
acetic acid - green 
d value intensity % d value intensity % d value intensity % 
12.83312 3.7 10.50 ± 0.30 100 10.691 29 
10.72988 54.1 10.00 ± 0.30 40 9.735 9 
8.92481 49.6 9.00 ± 0.20 20 8.967 29 
    8.417 52 
7.79544 16.6 8.00 ± 0.20 70 7.823 4 
7.35070 100.0 7.20 ± 0.10 60 7.362 100 
6.68881 25.3 6.50 ± 0.10 50 6.621 24 
    6.136 1 
5.98448 4.1 5.80 ± 0.10 10 5.906 2 
5.62378 6.6 5.50 ± 0.10 20 5.761 3 
5.32687 41.7 5.40 ± 0.10 20 5.321 32 
5.04655 6.3 5.0 ± 0.10 10 4.845 2 
4.63683 2.7 4.70 ± 0.10 10 4.621 4 
4.47840 2.4 4.30 ± 0.10 30   
4.31840 4.6 4.0 ± 0.10 20   
4.03858 1.5 3.72 ± 0.04 10 4.296 3 
3.94549 2.4 3.65 ± 0.04 10 3.947 8 
3.84843 3.1 3.52 ± 0.03 30   
3.72726 19.8 3.31 ± 0.04 10 3.725 16 
3.55887 6.3 3.23 ± 0.04 10 3.549 7 
3.50737 13.1 3.10 ± 0.04 30   
3.41893 15.0 3.03 ± 0.02 30 3.414 8 
    3.348 4 
3.26798 7.2 2.92 ± 0.02 10 3.246 5 
3.15040 7.6 2.84 ± 0.02 10 3.141 9 
3.04237 3.3 2.75 ± 0.02 10 3.045 3 
2.99461 2.7 2.67 ± 0.02 10 2.987 4 
    2.873 5 
2.83258 13.7 2.55 ± 0.02 10 2.835 14 
2.78943 6.6 2.44 ± 0.02 10 2.782 4 
2.71109 1.7 2.38 ± 0.02 10   
2.66093 1.4 2.32 ± 0.01 10   
2.56231 1.7 2.13 ± 0.01 10 2.521 2 
2.52920 1.3 2.02 ± 0.01 10   
2.47839 1.0 2.00 ± 0.01 10 2.434 2 
2.37938 3.1   2.378 3 
2.31373 8.9   2.312 9 
    2.273 1 
2.24901 8.2   2.247 6 
2.19675 7.3   2.197 6 
2.13663 4.2   2.133 6 
2.11107 1.9   2.092 1 
    2.044 2 
1.99282 1.0   1.968 2 
1.94067 2.0   1.940 2 
    1.920 2 
1.87752 2.6   1.881 1 
1.84801 2.9   1.850 3 
    1.832 2 
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1.81395 1.1   1.799 1 
1.76869 3.9   1.768 3 
1.74931 1.5     
1.71064 1.2     
1.68221 1.8   1.683 1 
1.63421 2.1     
1.61279 2.7   1.608 1 
1.59655 2.7   1.594 3 
    1.447 1 
    1.423 1 
*from Thickett and Odlyha, 2000, 65 
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Appendix 10.8  Test Series II XRD Results 
 
Malachite and sodium sesquicarbonate  
exposed to acetic acid - green 
Malachite and sodium sesquicarbonate  
exposed to acetic acid - blue 
d value intensity % d value intensity % 
  19.368 5 
10.691 29 10.543 2 
9.735 9 9.718 24 
8.967 29   
8.417 52 8.347 100 
7.823 4 7.755 10 
7.362 100 7.131 4 
6.621 24 6.550 23 
6.136 1   
5.906 2   
5.761 3 5.753 6 
5.321 32 5.114 5 
4.845 2 4.839 7 
4.621 4 4.584 5 
4.296 3 4.249 2 
3.947 8 3.943 19 
3.725 16 3.711 3 
3.549 7 3.544 13 
3.414 8 3.414 6 
3.348 4   
3.246 5 3.238 7 
3.141 9 3.151 6 
3.045 3 3.054 1 
2.987 4 2.957 1 
2.873 5 2.858 10 
2.835 14   
2.782 4 2.747 3 
  2.583 3 
2.521 2 2.516 3 
  2.479 2 
2.434 2 2.424 4 
2.378 3 2.360 4 
2.312 9 2.314 7 
2.273 1 2.268 4 
2.247    
2.197 6 2.195 3 
2.133 6 2.121 2 
2.092 6 2.087 2 
2.044 1 2.041 5 
1.968 2 1.968 3 
1.940 2 1.935 2 
1.920 2 1.915 2 
1.881 1   
1.850 3 1.852 3 
1.832 2 1.820 1 
1.799 1 1.800 2 
1.768 3 1.769 1 
1.683 1 1.682 2 
1.608 1 1.607 1 
1.594 3 1.561 2 
  1.537 1 
Most minor peaks are shared by both compounds, major peaks are not 
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Appendix 10.9  Test Series II XRD Results 
 
Malachite exposed to acetic 
acid 
Copper acetate (46-0859) Malachite (76-0660) 
d value intensity % d value intensity % d value intensity % 
7.31325 4.4   7.39350 8 
6.87378 100 6.90000 100 5.98830 64 
6.18345 33.2 6.16000 38 5.05055 70 
5.94742 35.7 5.86000 25 4.69725 8 
5.37065 22.3 5.37000 27 4.37140 <1 
5.02955 42.2   3.69342 72 
4.68685 5.2   3.67354 27 
4.48325 4.8   3.20250 2 
4.28564 6.1   3.09366 1 
4.07695 6.0   3.02959 11 
3.67738 48.4 3.58700 33 2.99415 11 
3.53107 25.9 3.52700 49 2.85635 100 
4.42421 11.4   2.82288 18 
3.28448 5.7   2.81706 21 
3.08376 7.8   2.77695 44 
2.99379 10   2.60892 <1 
2.84602 64.9   2.57772 2 
2.77437 29.7   2.52372 38 
2.68836 1.6   2.49756 10 
2.51305 21.4   2.48846 7 
2.47276 12.5   2.47642 20 
2.42062 10   2.46302 9 
2.38575 6.7 2.39000 20 2.42510 15 
2.32739 9.5 2.33100 24 2.38278 4 
2.29014 18.1 2.29200 74 2.34728 9 
2.22604 2.5   2.32068 10 
2.18270 8.2   2.30371 1 
2.12798 6.5   2.28827 13 
2.06014 7.9   2.25303 7 
2.02918 3.3   2.18687 15 
1.96418 11.2 1.96600 22 2.17988 8 
1.93004 7.8   2.16376 2 
1.88641 4   2.13333 12 
1.82490 1.7   2.10375 2 
1.79035 3.7   2.08236 5 
1.76420 2.7   2.07603 12 
1.68687 9   2.06660 5 
1.63611 4.1   2.05416 9 
1.61600 7.2   2.04800 6 
1.58806 8.2   2.02372 1 
1.57152 6.2   2.01873 1 
1.50632 6   1.99610 4 
1.47305 7.4   1.96923 12 
1.42163 7   1.95234 6 
1.38491 3.6   1.93756 11 
1.35363 2.9   1.91760 4 
    1.91312 11 
    1.90778 5 
    1.90246 6 
    1.88669 5 
    1.85591 1 
    1.84671 <1 
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    1.83677 2 
    1.82206 4 
    1.79178 6 
    1.76933 <1 
    1.75043 <1 
    1.72173 1 
    1.71094 <1 
    1.70596 1 
    1.69959 2 
    1.69677 3 
    1.69047 15 
    1.68283 7 
    1.67047 9 
    1.64366 6 
    1.63578 3 
    1.61769 10 
    1.60502 3 
    1.60125 3 
    1.59502 2 
    1.59130 2 
    1.58698 15 
    1.57296 9 
    1.56336 1 
    1.55623 1 
    1.55387 1 
    1.54683 1 
    1.54275 5 
    1.53754 3 
    1.52722 4 
    1.52324 4 
    1.52042 2 
    1.51423 3 
    1.51032 6 
    1.50644 5 
    1.50092 5 
    1.49653 3 
    1.49162 1 
    1.48729 2 
    1.47817 12 
    1.47338 8 
    1.45713 1 
    1.45403 1 
    1.44940 <1 
    1.43921 1 
    1.43669 <1 
    1.42618 3 
    1.42222 6 
    1.41779 4 
    1.40756 4 
    1.40515 3 
    1.39891 <1 
    1.38706 6 
    1.38238 3 
    1.36944 <1 
    1.36761 <1 
    1.36261 4 
    1.35674 4 
    1.35450 5 
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    1.35048 3 
    1.34427 <1 
    1.34163 1 
    1.33638 1 
    1.33333 2 
    1.32987 1 
    1.32514 1 
    1.32044 1 
    1.31747 2 
    1.31366 1 
    1.31240 1 
    1.30904 2 
    1.29538 2 
    1.28886 1 
    1.28482 1 
    1.28080 1 
    1.28000 1 
    1.27442 1 
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Appendix 10.10      Test Series II XRD Results 
 
Sodium sesquicarbonate 
exposed to acetic acid 
Sodium acetate trihydrate  
JCPDS 29-1160 
d value intensity % d value intensity % 
22.715 2   
21.533 4   
18.293 5   
15.314 6   
11.045 5   
8.530 6   
7.693 88 7.73 99 
6.885 12 6.94 14 
6.515 4 5.74 2 
5.732 1 5.42 14 
5.569 1 5.23 43 
5.398 13 4.83 4 
5.203 40 4.65 47 
5.020 7 3.95 52 
4.825 2 3.87 6 
4.629 44 3.70 15 
4.457 1 3.59 17 
4.275 3 3.55 29 
3.935 50 3.47 7 
3.830 6 3.32 22 
3.692 16 3.27 7 
3.543 37 3.16 23 
3.476 25 3.05 11 
3.398 9 3.00 100 
3.301 20 2.89 4 
3.153 19 2.87 13 
3.045 12 2.85 3 
2.992 100 2.74 23 
2.860 16 2.71 16 
2.737 29 2.66 28 
2.696 18 2.62 4 
2.654 33 2.60 3 
2.600 8 2.59 4 
2.514 26 2.55 6 
2.449 37 2.53 19 
2.408 17 2.49 7 
2.387 17 2.45 33 
2.343 8 2.42 18 
2.313 3 2.39 18 
2.255 6 2.35 9 
2.236 11 2.32 2 
2.199 19 2.26 4 
2.145 1 2.24 8 
2.117 9 2.23 6 
2.064 12 2.22 8 
2.027 26 2.20 14 
1.978 8 2.19 3 
1.928 7 2.12 8 
1.882 8 2.07 9 
1.870 14 2.05 3 
1.847 6 2.04 4 
1.806 14 2.03 19 
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1.774 15 2.01 2 
1.738 5 2.00 2 
1.726 7 1.98 6 
1.679 4 1.93 4 
1.663 8 1.88 5 
1.635 9 1.87 6 
1.612 10 1.86 6 
1.581 8 1.85 5 
1.538 5 1.81 6 
1.503 7 1.80 6 
1.478 7   
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Appendix 10.11  XRD patterns of Unidentified Compounds 
 
Fitz 3 
       d spacings Intensity % 
            11.04277                    84.9 
6.19245 60.8 
5.55477 91.7 
4.81866 32.9 
4.20840 100 
3.88030 23.8 
3.65982 35.9 
3.20648 15.3 
 
Fitz 4 Fitz 6 
d spacings Intensity % d spacings Intensity % 
10.79 1.6 11.05 21.7 
9.00 24.4 7.93 2.2 
8.06 0.4 6.86 10.3 
6.70 5.5 5.47 56.6 
5.96 2.4 5.02 3.6 
5.46 100.0 4.85 7.3 
5.04 16.2 4.53 7.7 
4.67 8.0 4.29 8.2 
4.52 2.1 4.13 100 
3.98 8.9 3.94 38.3 
3.67 23.0 3.72 37.0 
3.41 11.6 3.41 22.5 
3.13 2.1 3.17 6.0 
2.99 1.8 3.04 3.9 
2.89 17.8 2.85 16.5 
2.76 79.4 2.76 41.6 
2.69 22.4 2.65 6.0 
2.55 10.8 2.48 11.8 
2.51 3.6 2.41 25.1 
2.34 10.6 2.28 39.0 
2.26 68.0 2.06 9.6 
2.15 2.7 2.03 3.4 
2.10 8.7 1.97 14.5 
2.02 4.0 1.90 2.4 
1.96 3.8 1.85 4.5 
1.91 9.0 1.82 13.0 
1.89 6.3 1.79 3.3 
1.81 22.5 1.71 12.6 
1.74 1.5 1.61 4.7 
1.70 20.2 1.52 6.2 
1.62 3.6 1.49 2.5 
1.60 6.2 1.39 4.9 
1.55 1.9 1.36 4.6 
1.52 2.2 1.34 4.1 
1.50 4.3 1.31 3.9 
1.48 4.7   
1.47 4.5   
1.44 3.0   
1.42 3.8   
1.38 8.9   
1.36 12.6   
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1.35 5.0   
1.32 1.8   
1.26 3.4   
1.24 3.0   
1.16 1.3   
 
 
BM 9 Agora A 
d spacings Intensity % d spacings Intensity % 
11.54 15.9 18.15 34.4 
10.66 4.1 12.67 29.0 
7.64 100 10.09 48.5 
7.02 5.6 9.68 31.2 
6.61 22.9 9.41 52.7 
5.73 0.4 8.19 89.3 
5.58 3.2 6.61 31.8 
5.42 1.4 5.92 89.3 
4.70 1.2 4.63 32.6 
4.24 4.6 4.03 19.0 
4.01 1.9 3.58 32.6 
3.83 16.6 3.44 19.9 
3.75 26.2 3.31 26.2 
3.59 9.9 3.19 43.6 
3.47 1.0 3.09 17.6 
3.33 26.2 2.96 42.5 
3.19 0.4 2.89 100.0 
3.08 23.0 2.79 35.2 
2.86 13.7 2.67 25.5 
2.72 16.1 2.59 26.7 
2.55 9.8 2.50 48.5 
2.47 10.3 2.45 51.7 
2.34 7.3 2.37 22.6 
2.27 0.7 2.35 32.5 
2.24 5.7 2.19 22.8 
2.22 7.4 1.98 15.6 
2.12 2.4 1.90 27.0 
2.08 1.0 1.87 36.1 
2.03 1.8 1.64 11.4 
2.00 0.1 1.47 15.1 
1.97 1.3 1.45 19.3 
1.92 0.4 1.41 18.2 
1.88 2.6 1.39 13.2 
1.86 2.9 1.36 23.5 
1.81 3.2   
1.78 2.0   
1.73 6.2   
1.69 3.0   
1.61 1.3   
1.54 1.7   
1.46 0.8   
1.439 0.1   
1.433 0.3   
1.37 0.1   
1.36 0.7   
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Appendix 10.12  Petrie XRD patterns 
 
Petrie 1                UC 30808 Copper sodium formate acetate* 
d spacings Intensity % d spacings Intensity % 
13.279 0.8   
8.801 23.3 8.734 34 
7.612 100 7.588 100 
6.432 0.6 6.379 <1 
  6.068 2 
  5.643 10 
5.266 2.1 5.458 1 
4.961 4.3 4.929 5 
  4.796 2 
  4.658 <1 
  4.373 1 
4.214 2.1 4.221 1 
  4.171 7 
  4.102 2 
  3.690 2 
  3.528 1 
3.439 2.0 3.467 10 
  3.419 11 
  3.234 2 
  3.170 2 
3.011 5.2 3.022 11 
  2.986 11 
  2.943 5 
2.857 18.0 2.860 28 
  2.773 1 
2.654 7.4 2.664 10 
  2.622 2 
  2.563 3 
  2.429 6 
2.400 3.0 2.399 3 
  2.320 6 
2.262 6.9 2.269 9 
  2.193 2 
2.129 1.8 2.124 4 
  2.088 5 
  2.066 4 
  2.041 1 
  1.992 1 
  1.974 1 
  1.948 1 
  1.936 <1 
  1.892 2 
  1.853 3 
  1.827 1 
  1.809 <1 
  1.797 1 
  1.769 2 
  1.755 1 
1.718 0.6 1.713 5 
  1.695 2 
  1.682 2 
1.667 0.9 1.658 1 
1.611 5.0 1.631 1 
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1.580 1.7 1.585 4 
1.531 2.2 1.522 1 
1.492 0.4 1.494 1 
1.454 0.4 1.467 <1 
  1.445 1 
  1.431 1 
  1.406 2 
1.389 0.7 1.369 1 
*from Trentelman 2002, 220 
19 peaks matching copper sodium formate acetate 
 
Petrie 4 
UC 30552 
 Sodium formate JCPDS 11-0724 
d spacings Intensity % d spacings Intensity % 
8.535 17.6   
7.127 4.0   
5.548 11.8   
4.315 51.9 4.320 80 
  4.158 5 
3.370 100 3.379 95 
3.175 11.9   
2.948 20.3 2.951 40 
  2.882 9 
  2.807 35 
  2.801 7 
2.775 52.3 2.767 100 
2.540 15.0 2.635 3 
2.286 66.9 2.290 50 
  2.159 3 
  2.141 20 
2.082 9.9 2.089 25 
  2.078 5 
  2.065 15 
  2.036 11 
1.972 18.6 1.980 30 
  1.953 15 
  1.856 17 
1.816 28.9 1.813 7 
1.717 7.5 1.720 25 
  1.700 15 
  1.687 1 
  1.641 9 
  1.618 5 
  1.559 3 
9 peaks matching sodium formate 
 
Chalconatronite 
JCPDS 10-0441 
Petrie 5 
UC30669 
A sodium copper carbonate 
acetate (British Museum)* 
d spacings Intensity % d spacings Intensity % d spacings Intensity % 
  22.87217 10.8   
  21.85351 13   
  20.06627 5.3   
  19.27803                 25.8   
  16.05523 23.5   
  10.83228 56.5 10.50±0.30 100 
  9.76124 24.3 10.00±0.30 40 
  8.81677 16.6 9.00±0.20 20 
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8.047 2 8.08081 11.4 8.00±0.20 70 
7.831 15 7.65246 46.4 7.20±0.10 60 
6.907 100 6.89111            100   
  6.3297 19.4 6.50±0.10 50 
   5.91719 6.9   
  5.7756      9.5 5.80±0.10 10 
5.580 4 5.50332       8.8 5.50±0.10 20 
    5.40±0.10 20 
5.165 38 5.16604           51.5 5.00±0.10 10 
4.847 2     
4.813 2     
4.571 7 4.57642 12.7 4.70±0.10 10 
4.205 9   4.30±0.10 30 
4.166 48 4.1651 93.8   
4.108 18     
4.023 1     
3.912 3 3.9085 3.4 4.00±0.10 20 
3.796 2 3.80819 13.8 3.72±0.04 10 
3.673 37 3.67148 96.8 3.65±0.04 10 
3.637 6   3.52±0.03 30 
3.460 9 3.44776 24.4   
3.407 3     
3.357 5 3.35565 35.1 3.31±0.03 10 
3.292 1   3.23±0.03 10 
3.167 1 3.18446 12.4   
3.126 4 3.11797 9.1 3.10±0.03 30 
3.049 <1   3.03±0.02 30 
3.002 11 3.00139 46.9   
2.978 3     
2.909 6   2.92±0.02 10 
2.890 13     
2.852 21 2.85379 88.4 2.84±0.02 10 
2.782 2 2.76741 61.4 2.75±0.02 10 
2.773 1     
2.675 7 2.66865 33 2.67±0.02 10 
2.634 2     
2.615 6     
2.608 8 2.60218  33.6   
2.582 1     
2.542 1   2.55±0.02 10 
2.529 7     
2.523 5     
2.514 8 2.51712  37.4   
2.468 <1     
2.455 4 2.45374 89.6 2.44 ±0.02 10 
2.449 4     
2.430 12     
2.423 12     
2.419 5     
2.405 3     
2.398 4   2.38±0.02 10 
2.308 <1 2.34685  51.2 2.32±0.01 10 
2.301 <1     
2.285 1     
2.265 6 2.26212  59   
2.257 6     
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2.253 3     
2.233 2     
2.228 2     
2.215 3 2.21827 6.1   
2.208 2     
2.197 1     
2.183 <1     
2.172 1     
2.159 1     
2.152 1     
2.131 4 2.1311 60.8 2.13±0.01 10 
2.124 2     
2.099 1     
2.083 16 2.07832 74.8   
2.068 9     
2.052 2     
2.011 12   2.02±0.01 10 
2.001 3 2.00801 77.1 2.00±0.01 10 
1.990 6     
1.968 1     
1.958 <1     
1.950 1     
1.944 1 1.94505 20.7   
1.928 <1     
1.914 5     
1.908 3     
1.898 5 1.89741  23.8   
1.871 1     
1.860 2     
1.855 2     
1.848 7 1.8472  39.4   
1.838 1     
1.832 1     
1.822 1     
1.818 1     
1.814 1     
1.804 1     
1.798 2     
1.767 5 1.76446  42   
1.751 1     
1.746 1     
1.743 2     
1.740 2     
1.733 4     
1.728 3                     
1.725 3     
1.722 5         1.71814 23.1   
1.710 2     
1.705 3     
1.693 <1     
1.679 <1     
1.675 <1 1.67661 6.8   
1.663 2     
1.660 1     
1.656 1     
1.646 2     
1.644 2     
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1.639 2     
1.637 2 1.63652 23.7   
1.632 1     
1.629 1     
1.625 2     
1.620 3     
1.615 2     
1.610 5     
1.587 <1     
1.583 <1 1.58403 10.9   
1.579 1     
1.565 <1     
1.563 1     
1.557 2     
1.553 2 1.55344 20.5   
1.551 1     
1.547 1     
1.542 1 1.54167 16.1   
  1.50791 21.9   
  1.48713 13.9   
  1.42812 7   
  1.40397 22.1   
  1.37859 6.9   
  1.36483 7.9   
*from Thickett and Odlyha, 2000, 65 
35 peaks matching chalconatronite 
17 matching peaks for a sodium copper carbonate acetate  
 
 
Petrie 6 
UC 30669 
Chalconatronite 
JCPDS 10-0441 
d spacings Intensity % d spacings Intensity % 
23.721 3.2   
17.283 4.8   
14.385 10.8   
12.581 3.3   
9.736 6.9   
  8.047 2 
7.874 2.3 7.831 15 
6.904 100 6.907 100 
6.232 2.1   
5.907 4.2 5.580 4 
5.167 47.0 5.165 38 
4.838 5.8 4.847 2 
  4.813 2 
4.579 5.5 4.571 7 
  4.205 9 
4.157 92.5 4.166 48 
  4.108 18 
  4.023 1 
3.906 8.3 3.912 3 
  3.796 2 
3.670 91.8 3.673 37 
  3.637 6 
3.443 23.9 3.460 9 
  3.407 3 
3.343 12.8 3.357 5 
  3.292 1 
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3.129 4.3 3.167 1 
  3.126 4 
  3.049 <1 
3.000 73.3 3.002 11 
  2.978 3 
  2.909 6 
2.863 26.6 2.890 13 
  2.852 21 
  2.782 2 
2.766 24.8 2.773 1 
2.664 45.9 2.675 7 
  2.634 2 
2.599 17.1 2.615 6 
  2.608 8 
  2.582 1 
  2.542 1 
  2.529 7 
  2.523 5 
2.515 28.0 2.514 8 
2.499 32.9 2.468 <1 
  2.455 4 
  2.449 4 
  2.430 12 
  2.423 12 
  2.419 5 
  2.405 3 
2.345 12.6 2.398 4 
  2.308 <1 
  2.301 <1 
  2.285 1 
2.261 21.1 2.265 6 
  2.257 6 
  2.253 3 
  2.233 2 
  2.228 2 
  2.215 3 
  2.208 2 
  2.197 1 
  2.183 <1 
  2.172 1 
  2.159 1 
  2.152 1 
2.130 14.0 2.131 4 
  2.124 2 
  2.099 1 
  2.083 16 
2.078 45.2 2.068 9 
  2.052 2 
  2.011 12 
2.006 37.3 2.001 3 
  1.990 6 
  1.968 1 
  1.958 <1 
  1.950 1 
1.945 11.4 1.944 1 
  1.928 <1 
  1.914 5 
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1.902 6.5 1.908 3 
  1.898 5 
  1.871 1 
  1.860 2 
  1.855 2 
1.847 22.9 1.848 7 
  1.838 1 
  1.832 1 
  1.822 1 
  1.818 1 
  1.814 1 
  1.804 1 
  1.798 2 
1.764 18.1 1.767 5 
  1.751 1 
  1.746 1 
  1.743 2 
  1.740 2 
  1.733 4 
  1.728 3 
  1.725 3 
1.721 6.8 1.722 5 
  1.710 2 
  1.705 3 
  1.693 <1 
  1.679 <1 
  1.675 <1 
  1.663 2 
  1.660 1 
  1.656 1 
  1.646 2 
  1.644 2 
  1.639 2 
1.636 11.2 1.637 2 
  1.632 1 
  1.629 1 
  1.625 2 
  1.620 3 
  1.615 2 
  1.610 5 
1.591 1.5 1.587 <1 
  1.583 <1 
  1.579 1 
  1.565 <1 
  1.563 1 
  1.557 2 
1.553 3.1 1.553 2 
  1.551 1 
  1.547 1 
  1.542 1 
1.490 6.0   
1.454 4.3   
1.424 4.0   
1.403 12.0   
1.363 2.0   
30 peaks matching chalconatronite 
 
  481 
 
Copper sodium formate 
acetate* 
Petrie 9 
UC 30668 
Chalconatronite 
JCPDS 10-0441 
d spacings Intensity % d spacings Intensity % d spacings Intensity % 
8.734 34 8.828 66.9   
7.588 100 7.726 100.0 7.757 40 
6.379 <1 6.758 40.7 6.918 100 
6.068 2     
5.643 10     
5.458 1   5.572 10 
4.929 5 5.126 7.3 5.152 40 
4.796 2   4.847 10 
4.658 <1   4.551 20 
4.373 1   4.311 10 
4.221 1     
4.171 7 4.176 14.2 4.171 80 
    4.091 20 
4.102 2 3.855 0.5 3.900 10 
    3.771 10 
3.690 2 3.680 17.5 3.690 70 
3.528 1   3.558 10 
3.467 10 3.443 9.7 3.439 30 
3.419 11     
3.234 2   3.360 10 
3.170 2 3.158 1.7 3.190 40 
3.022 11 3.009 18.6 3.110 20 
2.986 11   2.989 30 
2.943 5     
2.860 28 2.867 43.3 2.880 30 
    2.850 40 
2.773 1 2.771 36.7 2.780 10 
2.664 10 2.660 26.3 2.670 20 
2.622 2   2.639 20 
2.563 3 2.513 6.4 2.610 20 
    2.509 20 
    2.449 10 
2.429 6 2.438 17.7 2.419 30 
2.399 3   2.389 10 
2.320 6 2.348 22.7   
2.269 9 2.271 31.7 2.260 30 
2.193 2 2.213 3.0 2.220 10 
    2.160 10 
2.124 4 2.132 5.8 2.130 20 
2.088 5 2.078 8.3 2.080 30 
2.066 4   2.060 30 
2.041 1   2.029 10 
    2.009 30 
1.992 1 2.006 5.4 1.990 10 
1.974 1     
1.948 1 1.947 14.6   
1.936 <1     
    1.909 10 
1.892 2 1.896 2.3 1.899 10 
1.853 3 1.853 7.9 1.840 
 
30 
1.827 1     
1.809 <1   
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1.797 1   
1.769 2 1.766 5.5 
1.755 1   
1.713 5 1.715 14.6 
1.695 2 1.665 0.1 
1.682 2   
1.658 1   
1.631 1 1.633 4.8 
1.585 4 1.585 11.3 
1.522 1 1.542 6.4 
1.494 1   
1.467 <1 1.477 2.7 
1.445 1   
1.431 1   
1.406 2 1.404 2.2 
1.369 1   
*from Trentelman 2002, 220 
30 peaks matching copper sodium formate acetate; 15 peaks matching chalconatronite 
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Appendix 10.13  Ashmolean Museum XRD results 
 
Ash 1 
1971.138 
A sodium copper carbonate acetate (British 
Museum)* 
d-spacing Intensity% d-spacing Intensity% 
44.136 4.3   
37.285 3.8   
32.961 2.0   
25.223 4.6   
22.637 2.9   
20.222 1.4   
18.785 2.1   
16.980 2.3   
16.054 2.4   
14.652 2.8   
13.586 2.0   
12.800 2.3   
12.099 2.7   
10.723 100.0 10.50±0.30 100 
9.694 21.9 10.00±0.30 40 
8.969 1.0 9.00±0.20 20 
8.581 2.4   
8.437 2.1   
7.933 24.5 8.00±0.20 70 
7.430 0.8 7.20±0.10 60 
7.041 12.0   
6.633 3.6 6.50±0.10 50 
6.343 4.6   
5.940 0.5   
5.846 0.7 5.80±0.10 10 
5.739 1.5 5.50±0.10 20 
5.405 7.3 5.40±0.10 20 
5.272 6.6   
5.034 2.5   
4.817 0.9   
4.667 1.3 4.70±0.10 10 
4.392 0.1 4.30±0.10 30 
4.239 7.0   
4.055 0.3 4.00±0.10 20 
3.965 0.4   
3.796 1.5   
3.687 0.9 3.72±0.04 10 
3.644 1.9 3.65±0.04 10 
3.517 4.3 3.52±0.03 30 
3.471 6.1   
3.333 29.8 3.31±0.03 10 
3.193 0.6 3.23±0.03 10 
3.140 2.1 3.10±0.03 30 
3.021 5.2 3.03±0.02 30 
2.892 7.2 2.92±0.02 10 
2.829 0.8 2.84±0.02 10 
2.744 5.2 2.75±0.02 10 
2.647 3.7 2.67±0.02 10 
2.590 0.4   
2.538 0.2 2.55±0.02 10 
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2.512 1.5   
2.454 2.8 2.44 ±0.02 10 
2.407 1.9   
2.379 2.3 2.38±0.02 10 
2.330 3.7 2.32±0.01 10 
2.301 1.2   
2.280 3.3   
2.236 1.8   
2.215 2.3   
2.179 1.7   
2.159 0.2   
2.124 3.7 2.13±0.01 10 
2.080 1.2   
2.053 1.3   
2.021 1.3 2.02±0.01 10 
2.004 1.0 2.00±0.01 10 
1.974 1.2   
1.954 0.2   
1.939 0.6   
1.916 0.8   
1.893 1.0   
1.861 0.9   
1.839 0.3   
1.814 1.8   
1.779 0.2   
1.760 0.8   
1.738 0.3   
*from Thickett and Odlyha, 2000, 65 
28 peaks match a sodium copper carbonate acetate  
 
 
 
Quartz  
JCPDS 46-1045 
Ash 4 
1969.482 
A sodium copper carbonate 
acetate (British Museum)* 
d-spacing Intensity% d-spacing Intensity% d-spacing Intensity% 
  34.387 3.4   
  29.425 3.4   
  25.658 8.3   
  22.615 4.3   
  19.193 6.2   
  15.957 4.6   
  14.717 7.2   
  13.953 6.7   
  12.706 5.4   
  10.701 100.0 10.50±0.30 100 
  9.677 28.8 10.00±0.30 40 
  8.927 4.6 9.00±0.20 20 
  7.911 24.1 8.00±0.20 70 
  7.092 13.2 7.20±0.10 60 
  6.57 1.6 6.50±0.10 50 
  6.281 5.2   
  5.980 2.2   
  5.824 3.2 5.80±0.10 10 
  5.712 2.6   
  5.604 2.3 5.50±0.10 20 
  5.323 6.8 5.40±0.10 20 
  5.202 5.3   
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  4.984 4.0 5.00±0.10 10 
  4.785 6.1 4.70±0.10 10 
  4.571 4.2   
  4.458 0.3   
  4.370 2.2 4.30±0.10 30 
4.254 16 4.215 4.9   
  4.092 2.0   
  4.018 2.2 4.00±0.10 20 
  3.948 0.8   
  3.881 2.1   
  3.720 4.2 3.72±0.04 10 
  3.579 0.2 3.65±0.04 10 
  3.517 4.4 3.52±0.03 30 
3.343 100 3.332 22.4 3.31±0.03 10 
  3.194 2.7 3.23±0.03 10 
  3.109 1.1 3.10±0.03 30 
  3.076 0.8   
  3.029 3.3 3.03±0.02 30 
  2.966 4.8 2.92±0.02 10 
  2.898 4.0   
  2.828 0.5 2.84±0.02 10 
  2.769 2.7 2.75±0.02 10 
  2.704 0.5   
  2.649 6.5 2.67±0.02 10 
  2.547 1.6 2.55±0.02 10 
  2.519 4.3   
2.456 9 2.453 2.3 2.44 ±0.02 10 
  2.396 1.1 2.38±0.02 10 
  2.378 1.1   
  2.342 2.3   
  2.315 1.2 2.32±0.01 10 
2.281 8 2.272 1.5   
2.236 4 2.241 2.8   
  2.214 1.7   
  2.184 1.0   
  2.156 1.0   
2.127 6 2.134 1.8 2.13±0.01 10 
  2.086 1.3   
  2.070 0.9   
  2.057 1.6   
  2.038 0.6   
  2.021 1.1 2.02±0.01 10 
  1.993 1.8 2.00±0.01 10 
1.979 4 1.959 1.3   
  1.943 1.1   
  1.904 0.5   
  1.882 0.3   
  1.875 0.8   
  1.863 1.6   
  1.829 1.0   
1.817 13 1.812 1.9   
1.801 1 1.802 1.8   
  1.789 0.5   
  1.780 0.6   
  1.763 0.4   
  1.754 0.4   
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  1.736 0.6   
  1.723 0.7   
1.671 4     
1.659 2     
1.608 1     
*from Thickett and Odlyha, 2000, 65 
27 matching peaks for a sodium copper carbonate acetate  
9 matching peaks for quartz 
 
 
A sodium copper carbonate acetate 
(British Museum)* 
Ash 5 
1969.483 
d-spacing Intensity% d-spacing Intensity% 
  14.092 1.1 
10.50±0.30 100 10.757 100.0 
10.00±0.30 40 9.604 68.3 
9.00±0.20 20   
8.00±0.20 70 7.912 21.1 
7.20±0.10 60 7.035 9.5 
6.50±0.10 50   
  6.264 6.1 
5.80±0.10 10 5.764 2.9 
5.50±0.10 20   
5.40±0.10 20 5.308 3.0 
5.00±0.10 10 5.002 4.1 
4.70±0.10 10 4.564 0.2 
4.30±0.10 30 4.281 0.4 
4.00±0.10 20 4.010 3.3 
3.72±0.04 10   
3.65±0.04 10   
3.52±0.03 30 3.502 12.7 
3.31±0.03 10   
3.23±0.03 10 3.181 4.4 
3.10±0.03 30   
3.03±0.02 30 3.023 9.7 
2.92±0.02 10 2.977 14.0 
2.84±0.02 10 2.893 11.7 
2.75±0.02 10 2.756 6.6 
2.67±0.02 10 2.651 14.8 
2.55±0.02 10 2.536 0.3 
2.44 ±0.02 10 2.443 1.5 
2.38±0.02 10   
2.32±0.01 10 2.347 3.7 
  2.187 2.3 
2.13±0.01 10 2.127 0.3 
2.02±0.01 10   
2.00±0.01 10 2.011 0.5 
  1.971 0.2 
  1.910 0.6 
  1.733 0.5 
*from Thickett and Odlyha, 2000, 65 
15 matching peaks for a sodium copper carbonate acetate 
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Appendix 10.14  British Museum XRD Results 
 
B 68048 
(BM4) 
A sodium copper carbonate acetate (British 
Museum)* 
d spacing Intensity % d-spacing Intensity% 
57.242 18.6   
30.513 9.4   
24.890 10.8   
20.501 12.2   
16.939 6.6   
15.819 4.8   
14.717 7.9   
12.800 6.0   
11.936 9.0   
10.649 100.0 10.50±0.30 100 
  10.00±0.30 40 
9.301 3.9 9.00±0.20 20 
8.695 7.9   
7.952 15.6 8.00±0.20 70 
7.528 18.0   
7.082 15.9 7.20±0.10 60 
6.610 54.7 6.50±0.10 50 
5.901 4.3   
5.818 6.9 5.80±0.10 10 
5.569 1.9 5.50±0.10 20 
5.311 4.9 5.40±0.10 20 
5.101 3.4   
5.019 4.0 5.00±0.10 10 
4.805 0.8   
4.727 3.5 4.70±0.10 10 
4.618 2.7   
4.450 1.7   
4.349 1.9 4.30±0.10 30 
4.206 5.8   
4.129 4.0   
4.057 2.0 4.00±0.10 20 
3.965 0.3   
3.782 2.0   
3.718 3.0 3.72±0.04 10 
3.692 4.8 3.65±0.04 10 
3.572 0.9 3.52±0.03 30 
3.454 5.5   
3.398 1.3   
3.333 10.8 3.31±0.03 10 
3.229 3.0 3.23±0.03 10 
3.184 2.6 3.10±0.03 30 
3.097 2.4   
3.055 1.2 3.03±0.02 30 
2.998 2.9   
2.961 2.4   
2.900 1.8 2.92±0.02 10 
2.849 6.7 2.84±0.02 10 
2.757 5.7 2.75±0.02 10 
2.696 1.2 2.67±0.02 10 
2.626 10.5   
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2.583 2.0 2.55±0.02 10 
2.554 2.2   
2.519 2.3   
2.479 0.2   
2.438 5.7 2.44 ±0.02 10 
2.346 9.5 2.38±0.02 10 
2.303 1.6 2.32±0.01 10 
2.276 0.8   
2.252 2.2   
2.221 2.4   
2.189 1.7   
2.139 3.2 2.13±0.01 10 
2.105 1.9   
2.074 1.4   
2.044 2.7   
2.017 1.3 2.02±0.01 10 
1.996 4.4 2.00±0.01 10 
1.947 2.3   
1.931 1.6   
1.879 1.0   
1.864 1.3   
1.855 1.6   
1.839 1.9   
1.819 1.4   
1.796 1.4   
1.779 2.3   
1.755 0.7   
1.741 0.7   
1.729 0.8   
*from Thickett and Odlyha, 2000, 65 
23 peaks matching a sodium copper carbonate acetate  
 
 
Copper sodium formate 
acetate* 
BM 68010 
(BM2) 
A sodium copper carbonate 
acetate (British Museum)** 
d spacings Intensity % d spacings Intensity % d-spacing Intensity% 
  46.807 19.4   
  28.743 3.7   
  25.321 5.5   
  21.020 3.6   
  14.189 2.5   
  12.617 0.6   
  11.539 9.1   
  10.611 26.2 10.50±0.30 100 
  9.560 71.8 10.00±0.30 40 
8.734 34 8.717 31.5 9.00±0.20 20 
    8.00±0.20 70 
7.588 100 7.530 81.6 7.20±0.10 60 
  6.605 100.0 6.50±0.10 50 
6.379 <1 6.216 5.4   
6.068 2 5.940 2.7   
  5.779 3.0 5.80±0.10 10 
5.643 10 5.616 4.2 5.50±0.10 20 
5.458 1 5.401 2.6 5.40±0.10 20 
4.929 5 5.028 7.6 5.00±0.10 10 
4.796 2     
4.658 <1 4.629 3.3 4.70±0.10 10 
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  4.438 0.2   
4.373 1 4.308 0.1 4.30±0.10 30 
4.221 1     
4.171 7 4.154 6.8   
4.102 2 4.001 3.4 4.00±0.10 20 
  3.931 4.7   
3.690 2 3.814 0.5   
    3.72±0.04 10 
  3.681 10.9 3.65±0.04 10 
3.528 1 3.505 12.8 3.52±0.03 30 
3.467 10     
3.419 11 3.411 5.3   
  3.321 11.1 3.31±0.03 10 
3.234 2 3.238 1.4 3.23±0.03 10 
3.170 2 3.159 7.7 3.10±0.03 30 
3.022 11 3.043 11.6 3.03±0.02 30 
2.986 11 2.977 26.2   
2.943 5   2.92±0.02 10 
  2.883 15.3   
2.860 28 2.852 25.0 2.84±0.02 10 
2.773 1 2.756 19.6 2.75±0.02 10 
2.664 10 2.643 26.2 2.67±0.02 10 
2.622 2     
2.563 3 2.554 0.5 2.55±0.02 10 
  2.517 6.2   
2.429 6 2.440 13.9 2.44 ±0.02 10 
2.399 3   2.38±0.02 10 
2.320 6 2.342 19.7 2.32±0.01 10 
2.269 9 2.265 9.1   
2.193 2 2.215 4.8   
  2.188 5.7   
2.124 4 2.126 7.0 2.13±0.01 10 
2.088 5 2.080 3.4   
2.066 4 2.059 3.8   
2.041 1 2.024 0.6 2.02±0.01 10 
1.992 1 1.997 2.2 2.00±0.01 10 
1.974 1     
1.948 1 1.943 6.2   
1.936 <1 1.910 1.7   
1.892 2 1.889 1.7   
1.853 3 1.860 1.9   
1.827 1 1.823 1.2   
1.809 <1 1.801 0.4   
1.797 1 1.788 0.3   
1.769 2 1.766 0.3   
1.755 1 1.730 0.8   
1.713 5     
1.695 2     
1.682 2     
1.658 1     
1.631 1     
1.585 4     
1.522 1     
1.494 1     
1.467 <1     
1.445 1     
1.431 1     
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1.406 2     
1.369 1     
*from Trentelman 2002, 220 
**from Thickett and Odlyha, 2000, 65 
35 peaks matching copper sodium formate acetate 
23 peaks matching a sodium copper carbonate acetate  
 
 
Chalconatronite 
JCPDS 10-0441 
BM 5  
(Unregistered) 
A sodium copper carbonate 
acetate (British Museum)* 
d-spacing Intensity 
% 
d-spacing Intensity 
% 
d-spacing Intensity% 
  48.868 18.2   
  30.746 6.7   
  25.964 8.0   
  11.617 6.5   
  10.700 100.0 10.50±0.30 100 
  9.644 73.5 10.00±0.30 40 
    9.00±0.20 20 
8.047 2 7.936 23.7 8.00±0.20 70 
7.831 15     
  7.044 12.3 7.20±0.10 60 
6.907 100 6.815 20.9   
  6.602 18.2 6.50±0.10 50 
  6.374 5.9   
  5.784 2.7 5.80±0.10 10 
5.580 4   5.50±0.10 20 
  5.272 5.3 5.40±0.10 20 
5.165 38 5.156 9.0 5.00±0.10 10 
4.847 2     
4.813 2   4.70±0.10 10 
4.571 7 4.553 8.2   
4.205 9 4.298 9.6 4.30±0.10 30 
4.166 48 4.156 11.7    
4.108 18     
4.023 1     
3.912 3 3.935 7.1 4.00±0.10 20 
3.796 2 3.751 0.6 3.72±0.04 10 
3.673 37 3.667 7.1 3.65±0.04 10 
3.637 6     
  3.515 14.4 3.52±0.03 30 
3.460 9     
3.407 3     
3.357 5 3.330 5.9 3.31±0.03 10 
3.292 1   3.23±0.03 10 
3.167 1 3.182 22.4 3.10±0.03 30 
3.126 4     
3.049 <1 3.044 9.8 3.03±0.02 30 
3.002 11     
2.978 3 2.987 28.8   
2.909 6     
2.890 13 2.895 14.7 2.92±0.02 10 
2.852 21 2.848 5.4 2.84±0.02 10 
2.782 2     
2.773 1 2.757 8.9 2.75±0.02 10 
2.675 7     
  2.648 22.2 2.67±0.02 10 
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2.634 2     
2.615 6     
2.608 8     
2.582 1     
2.542 1 2.547 0.3 2.55±0.02 10 
2.529 7     
2.523 5     
2.514 8 2.512 4.9   
2.468 <1 2.444 9.1 2.44 ±0.02 10 
2.455 4     
2.449 4     
2.430 12     
2.423 12     
2.419 5     
2.405 3     
2.398 4 2.378 1.7 2.38±0.02 10 
  2.344 6.2 2.32±0.01 10 
2.308 <1 2.307 1.1   
2.301 <1     
2.285 1     
2.265 6 2.273 0.8   
2.257 6     
2.253 3     
2.233 2 2.243 5.6   
2.228 2     
2.215 3     
2.208 2     
2.197 1 2.191 3.0   
2.183 <1     
2.172 1     
2.159 1     
2.152 1     
2.131 4     
2.124 2 2.123 1.0 2.13±0.01 10 
2.099 1     
2.083 16     
2.068 9 2.074 3.5   
2.052 2     
  2.027 9.2 2.02±0.01 10 
2.011 12     
2.001 3 2.004 4.8 2.00±0.01 10 
1.990 6     
  1.981 0.8   
1.968 1     
1.958 <1 1.957 0.2   
1.950 1     
1.944 1     
1.928 <1     
1.914 5 1.912 0.5   
1.908 3     
1.898 5 1.887 0.3   
1.871 1     
1.860 2     
1.855 2     
1.848 7 1.843 0.3   
1.838 1     
1.832 1     
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1.822 1     
1.818 1     
1.814 1     
1.804 1 1.805 1.0   
1.798 2 1.795 0.3   
1.767 5     
1.751 1     
1.746 1     
1.743 2     
1.740 2     
1.733 4     
1.728 3     
1.725 3 1.727 1.4   
1.722 5     
1.710 2     
1.705 3 1.703 4.9   
1.693 <1     
1.679 <1     
1.675 <1     
1.663 2 1.664 1.5   
1.660 1     
1.656 1     
1.646 2     
1.644 2     
1.639 2     
1.637 2     
1.632 1 1.633 0.9   
1.629 1     
1.625 2     
1.620 3     
1.615 2     
1.610 5 1.607 4.1   
1.587 <1     
1.583 <1     
1.579 1 1.580 0.2   
1.565 <1     
1.563 1     
1.557 2     
1.553 2     
1.551 1     
1.547 1     
1.542 1     
  1.518 0.3   
*from Thickett and Odlyha, 2000, 65 
39 peaks matching chalconatrnonite 
21 peaks matching a sodium copper carbonate acetate 
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Appendix 10.15  Fitzwilliam Museum XRD Results 
 
 
Fitz 1 
E.169.1891 
Copper sodium formate acetate* 
d spacings Intensity % d spacings Intensity % 
8.869 15.6 8.734 34 
7.649 100.0 7.588 100 
6.942 8.5   
6.332 9.3 6.379 <1 
  6.068 2 
5.654  9.5 5.643 10 
  5.458 1 
4.929 8.3 4.929 5 
  4.796 2 
  4.658 <1 
  4.373 1 
  4.221 1 
4.167 25.1 4.171 7 
  4.102 2 
  3.690 2 
  3.528 1 
  3.467 10 
3.419 17.0 3.419 11 
  3.234 2 
3.193 5.1 3.170 2 
  3.022 11 
2.994 9.4 2.986 11 
  2.943 5 
2.862 24.9 2.860 28 
2.772 13.5 2.773 1 
2.666 8.5 2.664 10 
  2.622 2 
2.574 3.6 2.563 3 
2.486 4.7 2.429 6 
2.421 4.8 2.399 3 
  2.320 6 
2.265 14.7 2.269 9 
2.181 2.1 2.193 2 
  2.124 4 
  2.088 5 
  2.066 4 
  2.041 1 
  1.992 1 
1.971 6.4 1.974 1 
  1.948 1 
  1.936 <1 
1.900 2.6 1.892 2 
  1.853 3 
  1.827 1 
  1.809 <1 
  1.797 1 
  1.769 2 
1.757 0.7 1.755 1 
  1.713 5 
1.709 5.1 1.695 2 
  494 
  1.682 2 
  1.658 1 
  1.631 1 
1.588 4.1 1.585 4 
  1.522 1 
  1.494 1 
  1.467 <1 
  1.445 1 
  1.431 1 
  1.406 2 
1.358 7.8 1.369 1 
*from Trentelman 2002, 220; all peaks (with one exception) match copper sodium formate acetate  
 
 
Sodium lead carbonate 
hydroxide JCPDS 37-0501 
Fitz 2 
E.55.1954 
Quartz 
JCPDS 33-1161 
d spacings Intensity % d spacings Intensity % d spacings Intensity % 
  9.104 16.0   
  8.151 4.2   
6.725 20 6.720 11.3   
  6.036 3.9   
  5.389 18.6   
  5.045 6.6   
4.566 30 4.549 27.8   
4.320 45 4.301 29.9 4.254 16 
  4.130 35.2   
3.778 7 3.757 66.6   
3.362 20 3.336 100.0 3.343 100 
3.200 100 3.194 35.2   
  3.054 45.6   
  2.819 11.   
  2.759 13.9   
  2.683 17.9   
2.635 50 2.630 54.9   
2.455 9 2.458 43.6 2.456 9 
  2.364 9.2   
2.318 9     
2.284 10     
2.250 15   2.281 8 
2.239 15 2.224 16.6 2.236 4 
  2.153 40.2 2.127 6 
  2.063 18.5   
2.012 9 2.030 14.9   
  1.990 20.4 1.979 4 
  1.927 10.6   
1.889 2 1.874 6.4   
  1.815 18.7 1.817 13 
1.770 2 1.759 10.9 1.801 1 
1.741 1     
1.725 5     
1.710 6     
1.707 20 1.705 17.0   
1.671 1 1.667 23.6 1.671 4 
    1.659 2 
1.610 17 1.607 10.5 1.608 1 
1.599 4     
1.577 1 1.586 6.7   
1.534 1 1.538 9.4   
  495 
1.522 5     
1.484 1 1.508 8.1   
1.469 2     
1.452 3 1.459 4.2   
1.419 6 1.419 3.8   
1.414 3 1.406 1.9   
1.386 1 1.380 10.6   
1.367 3     
  1.314 4.8   
  1.285 5.6   
  1.255 3.2   
  1.241 2.7   
  1.226 2.0   
  1.216 3.4   
  1.197 2.6   
  1.179 2.9   
22 peaks match sodium lead carbonate hydroxide JCPDS 37-0501; 8 peaks match quartz JCPDS 33-
1161 
 
Copper sodium formate 
acetate* 
Fitz 5 
E.GA.2797.1943 
A sodium copper carbonate 
acetate (British Museum)** 
d spacings Intensity % d spacings Intensity % d spacings Intensity % 
  10.754 100.0 10.50±0.30 100 
    10.00±0.30 40 
8.734 34 8.665 15.1 9.00±0.20 20 
  8.012 23.8 8.00±0.20 70 
7.588 100 7.600 19.9 7.20±0.10 60 
  6.620 12.2 6.50±0.10 50 
6.379 <1 6.393 9.6   
6.068 2   5.80±0.10 10 
5.643 10   5.50±0.10 20 
5.458 1   5.40±0.10 20 
4.929 5   5.00±0.10 10 
4.796 2     
4.658 <1   4.70±0.10 10 
4.373 1   4.30±0.10 30 
4.221 1     
4.171 7     
4.102 2 4.129 21.2 4.00±0.10 20 
3.690 2   3.72±0.04 10 
    3.65±0.04 10 
3.528 1 3.565  43.6 3.52±0.03 30 
 
3.467 10 3.473 37.5   
3.419 11     
    3.31±0.03 10 
3.234 2   3.23±0.03 10 
3.170 2 3.189  39.9   
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3.022 11 3.053 56.6 3.03±0.02 30 
2.986 11     
2.943 5   2.92±0.02 10 
2.860 28 2.855 15.3 2.84±0.02 10 
2.773 1   2.75±0.02 10 
2.664 10   2.67±0.02 10 
2.622 2 2.630 9.3   
2.563 3   2.55±0.02 10 
  2.507 16.1   
2.429 6   2.44 ±0.02 10 
2.399 3   2.38±0.02 10 
2.320 6   2.32±0.01 10 
2.269 9     
2.193 2 2.204 22.7   
2.124 4   2.13±0.01 10 
2.088 5 2.071 10.6   
2.066 4     
2.041 1   2.02±0.01 10 
1.992 1   2.00±0.01 10 
1.974 1 1.971 5.1   
1.948 1     
1.936 <1 1.922 11.7   
1.892 2     
1.853 3 1.851 11.3   
1.827 1     
1.809 <1     
1.797 1     
1.769 2     
1.755 1     
1.713 5     
1.695 2 1.702 6   
1.682 2     
1.658 1     
1.631 1 1.623 8.7   
1.585 4 1.585 5.9   
1.522 1     
1.494 1     
1.467 <1 1.465 8.5   
1.445 1 1.443 10.5   
*from Trentelman 2002, 220 
**from Thickett and Odlyha, 2000, 65 
18 peaks match copper sodium formate acetate;7 peaks match a sodium copper carbonate acetate  
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A sodium copper carbonate 
acetate (British Museum)* 
Fitz 7 
GR.1.1976 
(dark and blue sample) 
Tenorite 
JCPDS 5-0661 
Sodium acetate 
hydrate JCPDS 
28-1030 
d spacings Intensity % d spacings Intensity 
% 
d 
spacin
gs 
Intensi
ty % 
d 
spacings 
Intens
ity % 
10.50±0.30 100 10.655 100     
10.00±0.30 40 9.927 15.9     
9.00±0.20 20       
8.00±0.20 70 7.965 25   7.728 18 
7.20±0.10 60 7.622 18.6     
6.50±0.10 50 6.610 53.8   6.942 14 
5.80±0.10 10     5.736 2 
5.50±0.10 20       
5.40±0.10 20     5.417 10 
5.00±0.10 10 5.198 10.7   5.231 40 
      4.841 2 
4.70±0.10 10 4.625 17   4.649 45 
4.30±0.10 30 4.269 13.7     
  4.197 16.6     
4.00±0.10 20 3.925 20.2   3.942 45 
3.72±0.04    10     3.706 14 
3.65±0.04 10 3.680 13.5     
      3.592 16 
3.52±0.03  30 3.543 16   3.549 30 
      3.531 4 
  3.474 9   3.471 8 
3.31±0.03 10 3.315 14.7   3.313 20 
      3.282 2 
      3.261 8 
3.23±0.03 10 3.183 10.5   3.165 25 
3.10±0.03 30     3.052 14 
3.03±0.02 30 2.991 28.1   3.002 100 
2.92±0.02 10     2.894 5 
 
2.84±0.02 10 2.860 4.3 2.878  2.870 12 
      2.852 4 
2.75±0.02 10 2.741 12.7   2.745 30 
      2.708 18 
2.67±0.02 10 2.645 15.3   2.661 35 
      2.617 4 
      2.602 8 
      2.553 8 
2.55±0.02 10 2.517 40.3 2.526  2.523 30 
      2.499 12 
2.44 ±0.02 10 2.442 15.4   2.455 35 
      2.419 20 
      2.392 18 
2.38±0.02 10     2.380 2 
      2.348 10 
2.32±0.01 10 2.320 42.3 2.324  2.328 2 
      2.319 2 
      2.264 5 
      2.241 10 
  2.232 6.4   2.232 4 
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2.13±0.01  10 2.215 7.1   2.218 10 
      2.202 16 
      2.195 3 
      2.144 2 
2.02±0.01 10 2.027 8.5     
2.00±0.01 10 1.942 6.3     
  1.863 13.3 1.868    
  1.774 5     
  1.707 5.1     
  1.660 4.2     
  1.605 5.9     
  1.583 11.2 1.581    
  1.540 6.7     
  1.503 12 1.504    
  1.475 5.8     
  1.413 11.1     
  1.375 8.4     
*from Thickett and Odlyha, 2000, 65; 16 matching peaks with a sodium copper carbonate acetate ;  
6 matching peaks with tenorite; 16 matching peaks with sodium acetate hydrate 
 
 
 
Fitz 8  
GR.1.1976 blue sample 
A sodium copper carbonate acetate (British 
Museum)* 
d spacings Intensity % d spacings Intensity % 
13.722 1.9   
10.741 100.0 10.50±0.30 100 
9.999 19.3 10.00±0.30 40 
9.098 3.8 9.00±0.20 20 
8.023 25.7 8.00±0.20 70 
7.104 2.2 7.20±0.10 60 
6.664 62.9 6.50±0.10 50 
5.844 2.9 5.80±0.10 10 
  5.50±0.10 20 
5.396 4.1 5.40±0.10 20 
  5.00±0.10 10 
4.643 8.8 4.70±0.10 10 
  4.30±0.10 30 
4.137 5.3   
3.938 2.4 4.00±0.10 20 
3.718 4.3 3.72±0.04    10 
  3.65±0.04 10 
3.545 6.4 3.52±0.03  30 
3.329 11.4 3.31±0.03 10 
  3.23±0.03 10 
  3.10±0.03 30 
3.062 4.2 3.03±0.02 30 
2.998 10.4 2.92±0.02 10 
2.881 6.2 2.84±0.02 10 
 
2.761 9.4 2.75±0.02 10 
2.642 11.1 2.67±0.02 10 
2.554 2.7 2.55±0.02 10 
2.439 9.2 2.44 ±0.02 10 
  2.38±0.02 10 
2.347 17.5 2.32±0.01 10 
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2.218 5.8 2.13±0.01  10 
2.027 0.6 2.02±0.01 10 
2.000 3.1 2.00±0.01 10 
1.946 7.3   
1.861 4.4   
1.821 4.0   
1.662 3.4   
1.598 3.2   
1.584 6.0   
1.542 5.4   
1.503 3.3   
1.476 3.3   
1.431 3.1   
1.378 1.3   
1.329 1.3   
1.287 1.7   
*from Thickett and Odlyha, 2000, 65 
18 matching peaks with a sodium copper carbonate acetate  
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Appendix 10.16  Liverpool XRD Results 
 
Liverpool 1  
1969.112.32 
Chalconatronite 
JCPDS 10-0441 
d spacings Intensity % d spacings Intensity % 
27.051 1.0   
23.860 0.6   
20.532 0.3   
14.272 1.0 8.047 2 
7.679 6.8 7.831 15 
6.629 100 6.907 100 
5.368 1.2 5.580 4 
5.196 3.0 5.165 38 
  4.847 2 
  4.813 2 
4.628 3.3 4.571 7 
4.299 1.8 4.205 9 
  4.166 48 
  4.108 18 
  4.023 1 
3.929 2.0 3.912 3 
  3.796 2 
3.713 0.3 3.673 37 
  3.637 6 
3.545 1.0   
  3.460 9 
  3.407 3 
3.323 12.1 3.357 5 
3.178 5.9 3.167 1 
  3.292 1 
  3.126 4 
3.048 0.4 3.049 <1 
2.991 5.9 3.002 11 
  2.978 3 
  2.909 6 
  2.890 13 
  2.852 21 
  2.782 2 
2.758 5.5 2.773 1 
  2.675 7 
2.629 10.3 2.634 2 
  2.615 6 
  2.608 8 
  2.582 1 
  2.542 1 
  2.529 7 
  2.523 5 
  2.514 8 
  2.468 <1 
  2.455 4 
  2.449 4 
2.436 7.2 2.430 12 
  2.423 12 
  2.419 5 
  2.405 3 
  2.398 4 
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2.339 9.5 2.308 <1 
  2.301 <1 
  2.285 1 
  2.265 6 
  2.257 6 
  2.253 3 
  2.233 2 
2.225 2.2 2.228 2 
  2.215 3 
  2.208 2 
  2.197 1 
  2.183 <1 
  2.172 1 
  2.159 1 
  2.152 1 
  2.131 4 
  2.124 2 
  2.099 1 
  2.083 16 
  2.068 9 
  2.052 2 
2.025 1.0 2.011 12 
  2.001 3 
1.994 1.4 1.990 6 
  1.968 1 
  1.958 <1 
  1.950 1 
1.937 3.8 1.944 1 
  1.928 <1 
  1.914 5 
  1.908 3 
  1.898 5 
  1.871 1 
  1.860 2 
  1.855 2 
  1.848 7 
  1.838 1 
  1.832 1 
1.824 0.3 1.822 1 
  1.818 1 
1.815 0.4 1.814 1 
  1.804 1 
  1.798 2 
  1.767 5 
  1.751 1 
  1.746 1 
  1.743 2 
  1.740 2 
  1.733 4 
  1.728 3 
  1.725 3 
  1.722 5 
1.712 0.1 1.710 2 
  1.705 3 
  1.693 <1 
  1.679 <1 
  1.675 <1 
  502 
  1.663 2 
  1.660 1 
  1.656 1 
  1.646 2 
  1.644 2 
  1.639 2 
  1.637 2 
  1.632 1 
  1.629 1 
  1.625 2 
  1.620 3 
  1.615 2 
1.601 0.7 1.610 5 
1.590 2.0 1.587 <1 
  1.583 <1 
1.576 0.7 1.579 1 
  1.565 <1 
  1.563 1 
  1.557 2 
  1.553 2 
  1.551 1 
1.546 0.7 1.547 1 
1.538 0.6 1.542 1 
1.506 0.2   
1.428 0.1   
28 peaks match chalconatronite 
 
Liverpool 2 
1969.112.35 
A sodium copper carbonate acetate (British 
Museum)* 
d spacings Intensity % d spacings Intensity % 
24.575 0.4   
17.335 0.1   
14.967 0.1   
14.067 0.7   
11.622 1.2   
10.851 7.9 10.50±0.30 100 
9.703 9.7 10.00±0.30 40 
8.802 4.4 9.00±0.20 20 
8.023 2.9 8.00±0.20 70 
7.640 12.8   
7.118 0.8 7.20±0.10 60 
6.673 100.0 6.50±0.10 50 
6.062 0.3   
5.832 0.2 5.80±0.10 10 
5.666 0.7 5.50±0.10 20 
5.348 1.2 5.40±0.10 20 
5.035 1.1 5.00±0.10 10 
4.572 3.3 4.70±0.10 10 
4.313 4.2 4.30±0.10 30 
4.030 2.0 4.00±0.10 20 
3.766 2.0 3.72±0.04 10 
  3.65±0.04 10 
3.525 1.1 3.52±0.03 30 
3.489 1.3   
3.340 22.9 3.31±0.03 10 
3.195 11.0 3.23±0.03 10 
  3.10±0.03 30 
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3.033 3.3 3.03±0.02 30 
2.990 2.0   
2.914 1.5 2.92±0.02 10 
2.866 1.8 2.84±0.02 10 
2.770 10.4 2.75±0.02 10 
2.679 2.3 2.67±0.02 10 
2.640 15.8   
2.578 1.3 2.55±0.02 10 
2.444 10.3 2.44 ±0.02 10 
  2.38±0.02 10 
2.349 13.6 2.32±0.01 10 
2.283 2.2   
2.221 2.7   
2.193 0.1   
2.158 0.3   
2.131  0.9 2.13±0.01 10 
2.090 0.7   
2.074 1.0   
2.032 3.0 2.02±0.01 10 
2.001 3.7 2.00±0.01 10 
1.947 6.6   
1.858 1.8   
1.823 2.8   
1.706 2.2   
1.671 1.7   
1.629 1.6   
1.608 2.1   
1.588 3.6   
1.543 2.0   
1.515 1.6   
1.503 1.4   
1.477 1.8   
1.432 1.3   
 
1.289 1.6   
*from Thickett and Odlyha, 2000, 65; 28 peaks match a sodium copper carbonate acetate 
 
Copper sodium formate 
acetate* 
Liverpool 3 
1969.112.37 
A sodium copper carbonate 
acetate** 
d spacings Intensity 
% 
d spacings Intensity % d-spacing Intensity% 
  26.627 1.4   
  23.752 3.3   
  16.696 100.0   
  13.537 1.2   
  10.674 90.7 10.50±0.30 100 
  9.927 12.2 10.00±0.30 40 
8.734 34 8.732 24.0 9.00±0.20 20 
  7.893 27.6 8.00±0.20 70 
7.588 100 7.585 77.7   
  7.030 7.1 7.20±0.10 60 
6.379 <1 6.625 83.8 6.50±0.10 50 
6.068 2   5.80±0.10 10 
5.643 10 5.647  3.6 5.50±0.10 20 
5.458 1 5.422 10.9 5.40±0.10 20 
  5.160 3.0 5.00±0.10 10 
4.929 5 4.951 0.9   
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4.796 2     
4.658 <1 4.542 14.6 4.70±0.10 10 
4.373 1 4.303 21.6 4.30±0.10 30 
4.221 1     
4.171 7 4.168 5.5 4.00±0.10 20 
4.102 2     
3.690 2 3.760 2.5 3.72±0.04 10 
    3.65±0.04 10 
3.528 1 3.562 2.4 3.52±0.03 30 
3.467 10 3.458 6.8   
3.419 11 3.411 4.6   
3.234 2     
  3.335 11.8 3.31±0.03 10 
3.170 2 3.189 38.8 3.23±0.03 10 
3.022 11   3.10±0.03 30 
2.986 11 2.999 7.1 3.03±0.02 30 
2.943 5   2.92±0.02 10 
2.860 28 2.848 10.4 2.84±0.02 10 
2.773 1 2.767 6.5 2.75±0.02 10 
2.664 10 2.630 31.3 2.67±0.02 10 
2.622 2   2.55±0.02 10 
2.563 3     
2.429 6 2.437 6.7 2.44 ±0.02 10 
2.399 3   2.38±0.02 10 
2.320 6 2.347 6.4 2.32±0.01 10 
2.269 9 2.263 13.1   
2.193 2   2.13±0.01 10 
2.124 4     
2.088 5     
2.066 4 2.073 1.8   
2.041 1 2.029 10.4 2.02±0.01 10 
1.992 1 1.945 0.9 2.00±0.01 10 
1.974 1     
1.948 1     
1.936 <1     
1.892 2     
1.853 3     
1.827 1     
1.809 <1     
1.797 1     
1.769 2     
1.755 1     
1.713 5     
1.695 2 1.705 5.9   
1.682 2     
1.658 1     
1.631 1 1.608 5.4   
1.585 4 1.586 3.1   
1.522 1     
1.494 1     
1.467 <1     
1.445 1     
1.431 1     
1.406 2 1.417 0.4   
1.369 1     
*from Trentelman 2002, 220; **from Thickett and Odlyha, 2000, 65; 28 peaks match copper sodium 
formate acetate; 24 peaks match a sodium copper carbonate acetate 
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Copper sodium formate acetate* Liverpool 4 
1973.2.548 
A sodium copper carbonate 
acetate** 
d spacings Intensity % d-spacing Intensity% d-spacing Intensity% 
  10.727 28.5 10.50±0.30 100 
    10.00±0.30 40 
8.734 34 8.820 41.6 9.00±0.20 20 
7.588 100 7.636 100.0 8.00±0.20 70 
    7.20±0.10 60 
6.379 <1 6.689 17.3 6.50±0.10 50 
6.068 2   5.80±0.10 10 
5.643 10 5.666 8.1 5.50±0.10 20 
5.458 1   5.40±0.10 20 
    5.00±0.10 10 
4.929 5     
4.796 2     
4.658 <1   4.70±0.10 10 
4.373 1   4.30±0.10 30 
4.221 1     
4.171 7   4.00±0.10 20 
4.102 2     
3.690 2   3.72±0.04 10 
    3.65±0.04 10 
3.528 1   3.52±0.03 30 
3.467 10     
3.419 11 3.422 16.9   
    3.31±0.03 10 
3.234 2   3.23±0.03 10 
      
3.170 2   3.10±0.03 30 
3.022 11 3.003 14.3 3.03±0.02 30 
2.986 11     
2.943 5   2.92±0.02 10 
2.860 28 2.864 25.1 2.84±0.02 10 
2.773 1   2.75±0.02 10 
2.664 10 2.655 11.6 2.67±0.02 10 
2.622 2     
2.563 3   2.55±0.02 10 
2.429 6   2.44 ±0.02 10 
2.399 3   2.38±0.02 10 
2.320 6   2.32±0.01 10 
2.269 9 2.275 11.1   
2.193 2     
2.124 4   2.13±0.01 10 
2.088 5     
2.066 4     
2.041 1   2.02±0.01 10 
1.992 1   2.00±0.01 10 
1.974 1     
1.948 1     
1.936 <1     
1.892 2     
1.853 3     
1.827 1     
1.809 <1     
1.797 1     
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1.769 2     
1.755 1     
1.713 5     
1.695 2     
1.682 2     
1.658 1     
1.631 1     
1.585 4     
1.522 1     
1.494 1     
1.467 <1     
1.445 1     
1.431 1     
1.406 2     
1.369 1     
*from Trentelman 2002, 220 
**from Thickett and Odlyha, 2000, 65 
8 peaks match copper sodium formate acetate 
7 peaks match a sodium copper carbonate acetate 
 
 
Liverpool 5 
1973.4.30 
A sodium copper carbonate acetate* 
d-spacing Intensity% d-spacing Intensity% 
27.080 1.3   
10.718 100.0 10.50±0.30 100 
9.927 18.1 10.00±0.30 40 
8.745 1.0 9.00±0.20 20 
7.949 26.5 8.00±0.20 70 
 
7.075 10.6 7.20±0.10 60 
6.624 9.3 6.50±0.10 50 
6.388 7.0   
  5.80±0.10 10 
  5.50±0.10 20 
5.406 2.5 5.40±0.10 20 
5.297 3.3 5.00±0.10 10 
4.988 1.1   
4.589 1.0 4.70±0.10 10 
4.176 3.2 4.30±0.10 30 
3.976 0.3 4.00±0.10 20 
3.714 1.6 3.72±0.04 10 
  3.65±0.04 10 
3.544 1.3 3.52±0.03 30 
3.468 4.6   
3.326 1.5 3.31±0.03 10 
3.191 1.1 3.23±0.03 10 
3.076 2.7 3.10±0.03 30 
3.019 4.3 3.03±0.02 30 
2.901 1.5 2.92±0.02 10 
2.864 1.1 2.84±0.02 10 
2.748 1.8 2.75±0.02 10 
2.646 3.4 2.67±0.02 10 
2.546 1.3 2.55±0.02 10 
2.436 2.0 2.44 ±0.02 10 
2.380 0.1 2.38±0.02 10 
2.342 1.8 2.32±0.01 10 
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2.266 1.1   
2.224 1.5   
2.139 0.1 2.13±0.01 10 
2.122 0.3   
2.025 0.1 2.02±0.01 10 
2.003 0.7 2.00±0.01 10 
1.946 0.2   
1.661 0.6   
*from Thickett and Odlyha, 2000, 65 
27 peaks match a sodium copper carbonate acetate 
 
 
Liverpool 6 
56.22.215 
A sodium copper carbonate acetate* 
d-spacing Intensity% d-spacing Intensity% 
29.425 17.3   
25.964 18.9   
23.860 18.9   
16.792 100.0   
10.688 99.7 10.50±0.30 100 
9.927 19.0 10.00±0.30 40 
  9.00±0.20 20 
7.931 27.2 8.00±0.20 70 
7.622 16.4   
7.087 11.3 7.20±0.10 60 
6.629 27.8 6.50±0.10 50 
5.890 3.9 5.80±0.10 10 
  5.50±0.10 20 
5.445 23.7 5.40±0.10 20 
5.204 7.9   
4.998 15.4 5.00±0.10 10 
4.635 7.5 4.70±0.10 10 
4.184 2.7 4.30±0.10 30 
3.931 6.1 4.00±0.10 20 
3.688 5.3 3.72±0.04 10 
  3.65±0.04 10 
3.541 5.2 3.52±0.03 30 
3.481 4.4   
3.320 5.1 3.31±0.03 10 
  3.23±0.03 10 
3.157 0.6 3.10±0.03 30 
2.993 16.5 3.03±0.02 30 
  2.92±0.02 10 
2.844 11.1 2.84±0.02 10 
2.762 13.8 2.75±0.02 10 
2.664 7.8 2.67±0.02 10 
2.515 5.6 2.55±0.02 10 
2.444 5.5 2.44 ±0.02 10 
  2.38±0.02 10 
2.342 4.4 2.32±0.01 10 
2.267 7.5   
2.215 7.0   
2.119 1.5 2.13±0.01 10 
2.060 0.8   
2.027 2.6 2.02±0.01 10 
1.943 2.1 2.00±0.01 10 
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1.819 1.7   
1.792 0.4   
1.776 0.2   
1.736 0.4   
1.712 0.9   
1.666 1.3   
1.660 1.1   
1.630 0.3   
1.606 2.0   
1.540 0.1   
1.513 0.2   
1.504 0.1   
1.475 0.7   
1.425 0.3   
 *from Thickett and Odlyha, 2000, 65 
25 peaks match a sodium copper carbonate acetate 
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Appendix 10.17   Athenian Agora XRD Results  
 
A sodium copper carbonate 
acetate (British Museum)* 
Sample 1 
∏ Theta 3844 unidentified 
bronze object 
 
A sodium copper carbonate 
acetate (British Museum) Type 
B** 
 
d-spacing Intensity% d-spacing Intensity% d-spacing Intensity% 
10.50±0.30 100   11 50 
10.00±0.30 40     
9.00±0.20 20 8.6 40 8 30 
8.00±0.20 70     
7.20±0.10 60 7.5 50   
6.50±0.10 50 6.7 100 6.7 100 
5.80±0.10 10     
5.50±0.10 20     
5.40±0.10 20     
5.00±0.10 10     
4.70±0.10 10 4.7 50   
4.30±0.10 30 4.4 60   
4.00±0.10 20 3.8 30   
3.72±0.04 10     
3.65±0.04 10     
3.52±0.03 30     
3.31±0.03 10   3.35 40 
3.23±0.03 10 3.25 80   
3.10±0.03 30 3.15 80 3.18 20 
3.03±0.02 30   3.03 20 
2.92±0.02 10     
2.84±0.02 10     
2.75±0.02 10 2.78 60 2.78 30 
2.67±0.02 10 2.63 80 2.65 30 
2.55±0.02 10   2.58 10 
2.44 ±0.02 10 2.45 60 2.45 30 
2.38±0.02 10 2.37 70 2.37 30 
2.32±0.01 10 2.30 50 2.30 10 
    2.23 20 
2.13±0.01 10 2.08 10 2.08 10 
2.02±0.01 10 2.05 30 2.02 10 
2.00±0.01 10 1.95 40 1.97 20 
  1.86 20   
  1.83 30 1.84 10 
    1.60 10 
    1.56 10 
* Thickett and Odlyha, 2000, 65  
** Thickett, 2002; Paterakis 2003 
12 peaks match a sodium copper carbonate acetate (British Museum) Type B**, including most major 
peaks 
5 peaks match a sodium copper carbonate acetate (British Museum) 
 
 
Sodium acetate trihydrate  
JCPDS 29-1160 
Sample 2 
Φ1130a bucket handle 
d-spacing Intensity % d-spacing Intensity % 
7.73 99 7.7 100 
6.94 14   
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5.74 2   
5.42 14 5.5 40 
5.23 43   
4.83 4   
4.65 47 4.25 60 
3.95 52   
3.87 6   
3.70 15 3.71 20 
3.59 17   
3.55 29   
3.47 7   
3.32 22 3.32 70 
3.27 7   
3.16 23 3.15 20 
3.05 11 3.05 40 
3.00 100   
2.89 4   
2.87 13   
2.85 3 2.85 30 
2.74 23 2.75 30 
2.71 16   
2.66 28   
2.62 4   
2.60 3   
2.59 4   
2.55 6   
2.53 19   
2.49 7   
2.45 33 2.45 20 
2.42 18   
2.39 18   
2.35 9 2.35 30 
2.32 2   
2.26 4 2.28 30 
2.24 8   
2.23 6   
2.22 8   
2.20 14   
2.19 3   
2.12 8 2.15 20 
2.07 9 2.05 30 
2.05 3   
2.04 4   
2.03 19   
2.01 2   
2.00 2   
1.98 6 1.96 10 
1.93 4   
1.88 5 1.88 10 
1.87 6   
1.86 6   
1.85 5   
1.81 6 1.82 10 
1.80 6   
16 (out of a total of 17) peaks match sodium acetate trihydrate 
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Sample Agora 1 
∑T Bronze ring 
Chalconatronite 
JCPDS 10-0441 
d-spacing Intensity % d-spacing Intensity % 
  8.047 2 
7.822 M 7.831 15 
6.900 100 6.907 100 
5.563 W 5.580 4 
5.160 S 5.165 38 
  4.847 2 
4.827 W 4.813 2 
    
4.562 W 4.571 7 
  4.205 9 
4.170 S 4.166 48 
  4.108 18 
  4.023 1 
3.912 W 3.912 3 
3.800 W 3.796 2 
3.675 S 3.673 37 
  3.637 6 
3.442 M 3.460 9 
  3.407 3 
3.365 W 3.357 5 
  3.292 1 
  3.167 1 
3.119 W 3.126 4 
  3.049 <1 
2.995 M 3.002 11 
  2.978 3 
  2.909 6 
2.890 M 2.890 13 
2.845 S 2.852 21 
  2.782 2 
  2.773 1 
2.670 M 2.675 7 
  2.634 2 
  2.615 6 
2.60 M 2.608 8 
  2.582 1 
  2.542 1 
  2.529 7 
  2.523 5 
2.518 M 2.514 8 
  2.468 <1 
  2.455 4 
  2.449 4 
  2.430 12 
2.425 M 2.423 12 
  2.419 5 
  2.405 3 
  2.398 4 
  2.308 <1 
  2.301 <1 
  2.285 1 
2.262 M 2.265 6 
  2.257 6 
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  2.253 3 
  2.233 2 
  2.228 2 
  2.215 3 
  2.208 2 
  2.197 1 
  2.183 <1 
  2.172 1 
  2.159 1 
  2.152 1 
2.130 W 2.131 4 
  2.124 2 
  2.099 1 
2.081 M 2.083 16 
  2.068 9 
  2.052 2 
2.009 M 2.011 12 
  2.001 3 
1.989 W 1.990 6 
  1.968 1 
  1.958 <1 
  1.950 1 
  1.944 1 
  1.928 <1 
1.911 W 1.914 5 
  1.908 3 
1.896 W 1.898 5 
  1.871 1 
  1.860 2 
  1.855 2 
1.846 M 1.848 7 
  1.838 1 
  1.832 1 
  1.822 1 
  1.818 1 
  1.814 1 
  1.804 1 
1.796 W 1.798 2 
1.764 W 1.767 5 
  1.751 1 
  1.746 1 
  1.743 2 
  1.740 2 
  1.733 4 
  1.728 3 
  1.725 3 
  1.722 5 
1.718 W 1.710 2 
  1.705 3 
  1.693 <1 
  1.679 <1 
  1.675 <1 
  1.663 2 
  1.660 1 
  1.656 1 
  1.646 2 
  1.644 2 
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  1.639 2 
    
    
1.636 W 1.637 2 
  1.632 1 
  1.629 1 
  1.625 2 
  1.620 3 
  1.615 2 
1.607 W 1.610 5 
  1.587 <1 
1.582 W 1.583 <1 
  1.579 1 
  1.565 <1 
  1.563 1 
1.557 W 1.557 2 
  1.553 2 
  1.551 1 
  1.547 1 
  1.542 1 
1.524 W   
1.487 W   
1.404 W   
W=weak, M=medium, S=strong 
35 peaks match chalconatronite, all major peaks match 
 
Sample Agora 3a 
matches thenardite  [Na2(SO4) sodium sulphate ], ICPDS 37-1465, and connellite  
[Cu19SO4Cl4(OH)32 - 3H2O hydrated copper sulfate chloride hydroxide], ICPDS 35-
0538 
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A sodium copper carbonate acetate  
Type B (British Museum)* 
Sample Agora 6 
∑T bronze seal (Unidentified) 
d-spacing Intensity % d-spacing Intensity % 
  17.406 25 
  13.742  
11 50   
8 30 7.879  
6.7 100 6.688 100 
  5.472  
  3.804  
3.35 40 3.340 20 
3.18 20 3.183  
3.03 20   
2.78 30 2.766  
2.65 30 2.637 25 
2.58 10 2.577  
2.45 30 2.442  
2.37 30 2.350 30 
2.30 10 2.282  
2.23 20 2.224  
2.08 10   
2.02 10 2.001  
1.97 20 1.947  
1.84 10 ?  
  1.667  
  1.628  
1.60 10 1.601  
1.56 10 1.589  
  1.544  
  1.503  
  1.476  
  1.433  
  1.380  
*Thickett, 2002; Paterakis 2003;15 peaks match a sodium copper carbonate acetate Type B, including 
most major peaks 
 
A sodium copper carbonate 
acetate  
Type B (British Museum)* 
Agora D 
AB 217 bronze rod 
A sodium copper carbonate 
acetate  
(British Museum)** 
 
d-spacing Intensity % d-spacing Intensity % d-spacing Intensity % 
  22.052 11.3   
11 50 12.030 4.9 10.50±0.30 100 
  9.545 8.5 10.00±0.30 40 
    9.00±0.20 20 
8 30 7.876 10.0 8.00±0.20 70 
    7.20±0.10 60 
6.7 100 6.742 100.0 6.50±0.10 50 
    5.80±0.10 10 
    5.50±0.10 20 
  5.211 3.0 5.40±0.10 20 
    5.00±0.10 10 
    4.70±0.10 10 
  4.343 7.8 4.30±0.10 30 
  4.055 2.8 4.00±0.10 20 
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  3.821 7.0 3.72±0.04 10 
    3.65±0.04 10 
    3.52±0.03 30 
3.35 40 3.351 21.3 3.31±0.03 10 
3.18 20 3.199 12.4 3.23±0.03 10 
    3.10±0.03 30 
3.03 20 3.049 7.3 3.03±0.02 30 
    2.92±0.02 10 
  2.827 13.0 2.84±0.02 10 
2.78 30 2.749 13.1 2.75±0.02 10 
2.65 30 2.648 27.5 2.67±0.02 10 
2.58 10 2.502 3.0 2.55±0.02 10 
2.45 30   2.44 ±0.02 10 
2.37 30 2.372 14.9 2.38±0.02 10 
2.30 10   2.32±0.01 10 
2.23 20 2.211 33.9   
2.08 10 2.085 5.5 2.13±0.01 10 
2.02 10 2.022 13.2 2.02±0.01 10 
1.97 20 1.971 18.5 2.00±0.01 10 
1.84 10 1.883 11.3   
1.60 10 1.665 9.6   
1.56 10 1.546 10.1   
  1.481 9.5   
*Thickett, 2002; Paterakis 2003; ** Thickett and Odlyha, 2000, 65; 16 peaks match a sodium copper 
carbonate acetate Type B, including 3 major peaks; 11 peaks match a sodium copper carbonate acetate, 
only 1 major peak 
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Appendix 11: 
       FTIR Results 
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Appendix 11 FTIR Results of Corrosion Testing on Coupons and 
Coins from 40 ppm acetic acid at 86% RH (Groups 17 and 18 in Test 9 of Table 4.4) 
 
FTIR 
Scan no. 
Sample name Date 
analyzed 
FTIR Neutral 
Copper Acetate 
Database - Scott 
(Appendix 8.1) 
FTIR Basic Copper 
Acetate Database - 
Scott (Table 4.10) 
Appendix 
FTIR 1 17U green 
(scan cu17u22) 
9/2004 Similar C05730 
neutral copper 
acetate hydrate = 
Compound F 
 12.1 
FTIR 2 17U green 
(scan cu17u12) 
9/2004 ditto   
FTIR 3 17U green 
(alice_17u_green) 
4/2005  Similar basic copper 
acetate 
Compound A or H 
(CU0019, CU0020, 
CU0022) 
 
FTIR 4 
 
18U blue 
(scan 18Ublue4) 
9/2004  ditto  
FTIR 5 
 
18U blue 
(scan 
alice_18u_blue) 
4/2005  Similar basic copper 
acetate 
Compound C CU0016 
Resembles Compound  
B (CU0001) and D 
(CU0076, CU0085) 
 
FTIR 6 
 
17L green (scan 
cu17lgreen51) 
9/2004 Matches C05730 
neutral copper 
acetate hydrate = 
Compound F 
  
FTIR 7 17L green (scan 
alice_17l_green) 
4/2005  Similar basic copper 
acetate 
Compound D 
(CU0002, CU0076) 
 
FTIR 8 17L blue 
(scan cu17lblue3) 
9/2004  Similar basic copper 
acetate Compound B 
(CU0001) 
12.2 
FTIR 9 17L white 
(scan 
alice_17l_white) 
4/2005  Similar basic copper 
acetate 
Compound D 
(CU0002), A or H 
(CU0020) 
 
FTIR 10 18L green 
(scan 
cu18lgreen3) 
9/2004  Similar basic copper 
acetate Compound D 
(cucmpdd-yt1.001) 
12.3 
FTIR 11 18L green 
(scan 
alice_18l_green) 
4/2005  Similar basic copper 
acetate 
Compound  
A (CU0022),  
B (CU0001),  
D (CU0076),  
H (CU0022) 
 
 
 
FTRI 12 18L blue 
(scan 
alice_18l_blue) 
4/2005  Similar basic copper 
acetate Compound  
B (CU0001), 
C(CU0016),  
D (CU0076) 
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FTIR 13 18L white 
(scan 
alice_18l_white) 
4/2005  Similar basic copper 
acetate  
Compound 
A(CU0022),  
B (CU0001),  
D (CU0002),  
H (CU0022) 
 
FTIR 14 Coin 2 Test 18 
blue 
4/2005  Most similar basic 
copper acetate 
Compound A 
(CU0075, CU0019) 
 
 
 
 
 
 
 
 
FTIR 15 
 
Coin 2 test 18 
white residue 
4/2005 Similarities with 
Y01370 basic lead 
(II) carbonate and 
Y00078 lead 
carbonate 
hydroxide 
  
FTIR 16 
 
Coin 5 test 17 
blue/green  
9/2004 Matches C05730 
neutral copper 
acetate hydrate = 
Compound F 
  
FTIR 17 Coin 5 test 17 
blue/green 
4/2005  Matches basic copper 
acetate Compound C 
(CU0016) 
 
FTIR 18 Coin 5 test 17 
white 
4/2005  Similar basic copper 
acetate Compound B 
(CU0001, CU0073),  
Compound D 
(CU0076) 
 
 
U = unleaded ASTM B584; L = leaded ASTM B505 
Compound numbers refer to Appendix 8.1 and Table 4.10 
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Appendix 12: 
      FTIR Spectra
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Appendix 12.1        FTIR Unleaded Bronze after Corrosion Testing 
Unleaded Test Coupon 17U (top spectrum) Neutral Copper Acetate Hydrate F 
(bottom spectrum, Table 4.13) 
 
 
 
Appendix 12.2   FTIR Leaded Bronze after Corrosion Testing (blue 
corrosion) Leaded Test Coupon 17L (top spectrum)  Basic Copper Acetate B (bottom 
spectrum, Table 4.14) 
 
 
 
 
 
A
ppendix 12.1  
      FTIR
 U
nleaded B
ronze after C
orrosion Testing 
U
nleaded Test C
oupon 17U
 (top spectrum
) N
eutral C
opper A
cetate H
ydrate F 
(bottom
 spectrum
, Table 4.13) 
A
ppendix 12.2   FTIR
 Leaded B
ronze after C
orrosion Testing (blue 
corrosion) 
Leaded Test C
oupon 17L (top spectrum
)  B
asic C
opper A
cetate B
 (bottom
 
spectrum
, Table 4.14) 
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Appendix 12.3     FTIR Leaded Bronze after Corrosion Testing (green      
corrosion) Leaded  Test Coupon 18L (top spectrum) Basic Copper Acetate D (bottom  
spectrum, Table 4.14) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
A
ppendix 12.3     FTIR
 Leaded B
ronze after C
orrosion Testing (green      
corrosion) 
Leaded  Test C
oupon 18L (top spectrum
) B
asic C
opper A
cetate D
 (bottom
  
spectrum
, Table 4.14) 
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Appendix 13: 
Case Studies 
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Appendix 13.1 Petrie Museum              Case Studies  
SAMPLE NUMBER PETRIE 1 
Catalogue Number UC 30808 
Description of Sample Removed from side of bull with extensive corrosion, and other side, with 
scalpel 
Description of Object Saqqara H5-2726. "Bronze Apis Bull on base which has two tenons for 
fitting into a wooden base ?sledge, now lost. Bull wears cobra uraeus and 
sun-disc on head; Incised markings on body; winged hawk around neck 
and saddle cloth. Partially conserved." (catalogue card). Dyn. XXX, 
Ptolemaic. H. 7.35 cm, L 6.85 cm. Groves, C.P. Primate Remains from 
Saqqara. Dept. of Physical Anthropology, Univ. of Cambridge.  
Contains a core.  
Conservation Treatment Chemically stripped prior to 1976. Nov. 28, 1976 was mechanically 
cleaned, treated with 3% BTA (benzotriazole) in IMS(Industrial 
Methylated Spirits), lacquered with Incralac in toluene (2:3) with 
Santocel (aerogel silica) matting agent. Recommendations: "watch core 
exposing breaks for crystallising BTA" 
Identification of Corrosion 
(XRD at Getty) 
Copper sodium formate acetate (CuNaCxHyO6). For this compound see 
Trentelman, K. et al. The characterization of a new pale blue corrosion 
product found on copper alloy artifacts. Studies in Conservation 47  
(2002) 217-227. 
 
SAMPLE NUMBER PETRIE 2 
Catalogue Number UC 30449 
Description of Sample Only one nail was sampled (which one?). Blue corrosion was removed 
from the head of one nail only with scalpel. There was also green 
corrosion in the area. This is one of four nails. 
Description of Object "Four Copper Nails. The heads are well preserved, but the stems are very 
twisted; and on one the stem is mostly broken off. Unconserved." 
(catalogue card). Mark: 1CC7. Archaic Dyn. I, Archaic Necropolis, 
Superstructure. A: H. 4.1 cm, B: H 3.35 cm, C: 4.05 cm, D: H. 1.8 cm 
Conservation Treatment No Records. Has not been chemically cleaned. 
Identification of Corrosion 
(XRD at Getty) 
Copper sodium formate acetate (CuNaCxHyO6). For this compound see 
Trentelman, K. et al. The characterization of a new pale blue corrosion 
product found on copper alloy artifacts. Studies in Conservation 47  
(2002) 217-227. 
SAMPLE NUMBER PETRIE 3 
Catalogue Number UC 30660B 
Description of Sample Object stored in cardboard box in contact with box. Powdered corrosion 
was collected from the bottom of box around and below the object, also 
removed from the object itself with scalpel. Contains and white and blue 
crystals, somewhat whiskery 
Description of Object Saqqara H5-2519 [4760]. Bronze handle from Sector 3, Falcon Gallery 
16, cache 9, Saqqara, Egypt. H. 5-6 cm. One handle described as badly 
corroded (B presumably). "Two hook-shaped cast bronze handles ending 
in a slightly projecting 'V' and a hexagonal plate with a dividing vertical 
line. The handle was attached to the vessel by a soft solder, traces of 
which survive at both ends of the conserved handle." (p. 63). It is not 
clear if the latter is referring to handle A or B but presumably A, 
conserved implying better condition. Abundant corrosion from B covers 
bottom of box around and underneath the object B. Object 30660A is 
stored in tissue paper inside same box next to object B to separate it and 
shows virtually no corrosion, has one blue spot only. Object A was not 
sampled. 
Conservation Treatment No Record. Appears to have been chemically cleaned. Object A may also 
have been chemically cleaned but, if so, only partially. 
Identification of Corrosion 
(XRD at Getty) 
Copper sodium formate acetate (CuNaCxHyO6). For this compound see 
Trentelman, K. et al. The characterization of a new pale blue corrosion 
product found on copper alloy artifacts. Studies in Conservation 47  
(2002) 217-227. 
SAMPLE NUMBER PETRIE 4 
Catalogue Number UC 30552 
Description of Sample Sampled blue/green corrosion on uraeus from 2 inlaid areas with 
exploding corrosion. The corrosion removed with scalpel was rather 
hard. Looks like bronze disease but is not soft or powdery.  
Description of Object Saqqara H5-556. Dynasty 30th Ptolemaic. "A wooden head of a King, or 
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Identification of Corrosion 
(XRD at Getty) 
Copper sodium formate acetate (CuNaCxHyO6). For this compound see 
Trentelman, K. et al. The characterization of a new pale blue corrosion 
product found on copper alloy artifacts. Studies in Conservation 47  
(2002) 217-227. 
SAMPLE NUMBER PETRIE 4 
Catalogue Number UC 30552 
Description of Sample Sampled blue/green corrosion on uraeus from 2 inlaid areas with 
exploding corrosion. The corrosion removed with scalpel was rather 
hard. Looks like bronze disease but is not soft or powdery.  
Description of Object Saqqara H5-556. Dynasty 30th Ptolemaic. "A wooden head of a King, or 
Osiris, with bronze inlaid eyes and Uraeus. Wears the Double crown, or 
Atef Crown, with the front still showing traces of an overlay of gold leaf. 
The Uraeus with figure eight coil extends right up to the top of the 
crown. Wood is in very poor condition - eaten by ants, especially on back 
of piece. Uraeus unconserved. Cf. UC 30553. " H: 12.55 cm, W. 4.15 cm. 
Cf. Bothmer, B.V. Egyptian Sculpture of the Late Period, 700 BC to AD 
100, 1965, Pl. 46, figs 112-113, Pl. 50, figs 120-2; From Hastings, E.A., 
The Sculpture from the Sacred Animal Necropolis at North Saqqara, 
1964-76, E.E.S., 1997, Cat. No. 87, p. 27: "From the Pit, south wall, 
Sector 1, *39. The eyes are inlaid in bronze, and the bronze uraeus with 
eight coils writhes up the Upper Egyptian crown, which may have had 
flanking plumes, now missing. The crown still retains traces of gesso and 
gold-leaf. Date: Late New Kingdom." The uraeus seems to have inlays 
perhaps of enamel, glass or faience (AP). Corrosion from these inlays 
was sampled.  
Conservation Treatment February 17, 2001: Copper alloy cleaned mechanically and stabilized 
with a 3"% solution BTA in IMS by painting on. Lacquered with 3 coats 
of Paraloid B72 (acrylic copolymer ethyl methyacrylate and methyl 
acrylate) in acetone. Remainder (not bronze parts?) cleaned with swabs 
of equal parts distilled water and acetone containing a few drops of 
Synperonic N (Non-ionic detergent) and small amount of sodium 
hexametaphosphate. Fragile areas (wood?) and areas of lifting gesso or 
plaster consolidated with 10% and 25% solutions Paraloid B72 in 
acetone respectively.  
Identification of Corrosion 
(XRD at Getty) 
Sodium formate (HCOONa), and unidentified compound. 
For formates see Grzywacz, C., Tennent, N., Pollution monitoring in 
storage and display cabinets: carbonyl pollutant levels in relation to 
artifact deterioration in Preventive Conservation: Practice, Theory and 
Research, IIC Ottawa Congress Preprints, 1994, 164-170. 
SAMPLE NUMBER PETRIE 5 - 8 (FOUR SAMPLES) 
Catalogue Number UC 30669 
Description of Sample Removed from four different fragments. Sample 5: one fragment by itself 
in box with exploding corrosion. Had not been chemically stripped. 
Sample was collected from bottom of box under object containing blue 
and green corrosion, perhaps more green than blue. Sample 6: removed 
blue crystals from an area of exploding corrosion on convex surface 
(active surface) near edge. This surface was resting against the bottom of 
the box when found.  Sample 7: Fragment had not been chemically 
stripped. Sampled three blue areas on upper (convex) surface on one 
small blue areas on lower (concave) surface. Some white whiskers and 
white crystals were evident in this sample. Sample 8: soft blue/green 
corrosion removed with scalpel from interior (concave) surface. Areas of 
blue corrosion are much larger on underside (against box) than on upper 
surface which shows only spots of blue corrosion. 
Description of Object Saqqara. H5-2263. Copper ewer, reconstructed, but very fragmentary, in 
places. Lip and large handles. 17 fragments which appear to belong 
definitely to H5-2263 are numbered A-Q. Fragments R & S would 
appear to belong to H5-2483 (incense burner top) as they are rim pieces. 
Fragment T is top rim and presumably from H5-2264 a vase shaped 
basin, handless object. (Fragments R & S were given to Ashmolean Nov. 
'78 as they appear to be incense burner top. Ash. 1971. 138=H5-2483 
(4724) Previously at UC and exchanged in 1974.) All unconserved. 30th 
Dysnasty - Ptolemaic. Hawk Gallery 16. Sector 3. N.E. corner cache 8. 
H: 35.4 cm; D: c. 17 cm; T (frag?):L: c. 7 cm; W: 2.6 cm; R (frag?):L: c. 
9.5 cm; W: 5.4 cm. From Insley Green,C. Temple furniture at North 
Saqqara, E.E.S. 1987, Cat. No. 119, p. 52, Fig. 74: "Hammered copper 
ewer. H. 36 cm, diam (base) 12.8 cm. Badly corroded; spout and central 
body of the vessel missing: restored base, neck and handle from several 
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Description of Object Saqqara. H5-2263. Copper ewer, reconstructed, but very fragmentary, in 
places. Lip and large handles. 17 fragments which appear to belong 
definitely to H5-2263 are numbered A-Q. Fragments R & S would 
appear to belong to H5-2483 (incense burner top) as they are rim pieces. 
Fragment T is top rim and presumably from H5-2264 a vase shaped 
basin, handless object. (Fragments R & S were given to Ashmolean Nov. 
'78 as they appear to be incense burner top. Ash. 1971. 138=H5-2483 
(4724) Previously at UC and exchanged in 1974.) All unconserved. 30th 
Dysnasty - Ptolemaic. Hawk Gallery 16. Sector 3. N.E. corner cache 8. 
H: 35.4 cm; D: c. 17 cm; T (frag?):L: c. 7 cm; W: 2.6 cm; R (frag?):L: c. 
9.5 cm; W: 5.4 cm. From Insley Green,C. Temple furniture at North 
Saqqara, E.E.S. 1987, Cat. No. 119, p. 52, Fig. 74: "Hammered copper 
ewer. H. 36 cm, diam (base) 12.8 cm. Badly corroded; spout and central 
body of the vessel missing: restored base, neck and handle from several 
fragments. Ewer with dished base, curved body with slightly rounded 
shoulder, concave neck, with wide band below an everted rim. On the 
interior of the rim is a flange with three rivet holes (one rivet in place) by 
which the handle was attached. The handle has sprung away from the rim 
but appears to have been joined originally by lapping and rivets. 
Comment: radio-isotope non-dispersive fluorescent test in the 
Ashmolean Museun, Oxford, undertaken by Dr. H. McKerrel, revealed: 
Sn 1%, As-, Pb-, others -. Date: Late 7th - 6th century BC." See Emery, 
"Preliminary Report on the Excavations at North Saqqara 1969-70, in 
J.E.A. 57 (1971), pl. VII, 1. Fig. 1.12; p.6. 
Conservation Treatment Treatment date: May 23, 1986 Treatment Notes: Extremely corroded and 
fragile. Handle cleaned mechanically using scalpel under binocular 
microscope. Some other fragments also cleaned. Cleaned parts and 
uncleaned parts were stabilized by immersion in a 3% solution of 
benzotriazole in Industrial Methylated Spirits for 6 hours, then protected 
with a coat of a 5% solution of Paraloid B72 (acrylic copolymer of ethyl 
methacrylate and methyl acrylate) in acetone containing a small amount 
of aerated silica as a matting agent. Remaining pieces need cleaning, 
restabilisation and coating and reassembly. Returned for digitisation. 
Identification of Corrosion 
(XRD at Getty) 
Petrie  5:  Chalconatronite, a sodium copper carbonate acetate and 
unidentified compound 
Petrie 6: Chalconatronite, Unidentified compound 
Petrie 7: Unidentified compound (similarities with chalconatronite) 
Petrie 8: Chalconatronite, Unidentified compound 
Chalconatronite  (Na2Cu(CO3)2.3H2O) (sodium copper carbonate 
hydrate)  
For this compound see Gettens, R.J.,  Frondel, C., Chalconatronite: an 
alteration product on some ancient Egyptian bronzes, Studies in 
Conservation 2 (1955) 64-75; Horie, C.V., Vint, J.A., Chalconatronite: a 
by-product of conservation? Studies in Conservation 27 (1982), 185-186. 
SAMPLE NUMBER PETRIE 9 
Catalogue Number UC 30668 
Description of Sample Blue powder collected from bottom of box under one rectangular 
fragment. Blue and white crystals were removed from the fragment itself 
on both sides. Also sampled spots of blue corrosion from four other 
fragments on the sides facing up. Blue corrosion was evident on clean 
break surfaces of the fragments. 
Description of Object 29 bronze fragments from Cache 9. Appear to be unrelated, but A and B 
are possibly from armour. Several fragments - C:D:F:G:K:S etc. are 
edges. Unconserved.  30th Dynasty -Ptolemaic. Saqqara H5-2461-2527. 
L: 10.15 cm, W: 1.85 cm; L: 1.15 cm, W. 1.55 cm. 
Conservation Treatment Not chemically stripped. No records. 
Identification of Corrosion 
(XRD at Getty) 
 Two compounds found: 
Chalconatronite (Na2Cu(CO3)2.3H2O) (sodium copper carbonate hydrate)  
For this compound see Gettens, R.J.,  Frondel, C., Chalconatronite: an 
alteration product on some ancient Egyptian bronzes, Studies in 
Conservation 2 (1955) 64-75; Horie, C.V., Vint, J.A., Chalconatronite: a 
by-product of conservation? Studies in Conservation 27 (1982), 185-186. 
Copper sodium formate acetate (CuNaCxHyO6). For this compound see 
Trentelman, K. et al. The characterization of a new pale blue corrosion 
product found on copper alloy artifacts. Studies in Conservation 47  
(2002) 217-227. 
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SAMPLE NUMBER 
 
 
PETRIE 10 
Catalogue Number UC 30667 
Description of Sample Sample 10: Removed blue powder from vertical neck of stand. Sample 
11: corrosion swept up from bottom of drawer from underneath and 
around the round funnel-shaped base of object. Contains blue and some 
green corrosion. Blue corrosion is on inside and outside of incense burner 
base. There are areas of green corrosion with morphology similar in the 
appearance to that of the blue corrosion. Sample 12: Blue corrosion 
removed from several areas on exterior of base rim with scalpel, from a 
group of rim fragments joined together but not attached to the base.  
Description of Object Incense brazier in two pieces. The base has been reconstructed, but quite 
a large number of pieces are missing; and the remainder which do not fit 
have been numbered A-M. Also some pieces missing from top where 2 
pieces join. Unconserved. Saqqara H5-2469. Bottom: H. 23.8 cm, D. 
30.5 cm; shaft: H. 62 cm, D. 7.8 cm; largest fragment: L. 3.4 cm, W. 2.95 
cm; smallest fragment: L. 1.45 cm, W. 0.85 cm. See Emery, Preliminary 
Report on the Excavations at North Saqqara 1969-70, in J.E.A. 57 (1971) 
p. XII, 1, p.6; Insley, Green, C.,Temple Furniture at North Saqqara, 
E.E.S., 1987, Cat. No. 62, p. 32: "Fragmentary Offering or Incense 
Stand. H5-2469[4710]; UC 30667. From Sector 3, Falcon Gallery 16, 
cache 9. H. (stem) 62 cm, (base) 21 cm,  diam. (base) 29 cm. Broken in 
two pieces, plus many fragments. Very corroded. Hammered bronze 
stand with flaring base and cylindrical stem with a vertical seam showing 
traces of a hard solder join and three rivets. There is a flanged top to 
receive a tray (now missing). Date: 4th - 2nd century BC." 
Conservation Treatment Not chemically stripped. No records. 
Identification of Corrosion 
(XRD at Getty) 
Sample 10 was analyzed: 
Copper sodium formate acetate (CuNaCxHyO6). For this compound see 
Trentelman, K. et al. The characterization of a new pale blue corrosion 
product found on copper alloy artifacts. Studies in Conservation 47  
(2002) 217-227. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  527 
 
Appendix 13.2 Ashmolean Museum   Case Studies 
 
SAMPLE NUMBER ASHMOLEAN 1 
Catalogue number 1971.138 
Description of sample Blue pustules on fragment UC 30669R were sampled 
Description of object Description from book The Temple Furniture from the Sacred 
Animal Necropolis at North Saqqara 1964-1976 by Christine 
Insley Green: “Detached top of a stand. From Sector 3, Falcon 
Gallery 16, cache 9, H. 19.1 cm, diam. 12.8 cm, Part of rim 
missing; repaired. Hammered bronze bell-shaped top of an 
offering or incense stand with U-shaped projection below for 
slotting into a hollow stem (cf. no. 55). Date 4th – 3rd century 
BC.”(p.  36). Late period Saqqara H5-2483. 
XRF detected < 1% Sn. 
Fragments in box: On label in box: “Fragments of burner found 
at UCL after restoration here, Saqqara, Emery, 1968-69 
Excavations”. This implies these fragments were not cleaned. 
Fragments R and S were given by UCL to the Ashmolean in 
November 1978.  
UC 30669R – has beautiful pustules of blue corrosion plus one 
corner over flat area with blue 
UC 30669S – no blue corrosion 
 
Description of UC 30669 at the Petrie in same book on pages 
52, 53: “Hammered copper ewer, H5-2263, from Sector 3, 
north-east corner, cache 8. H. 36.0 cm, diam. (base) 12.8 cm. 
Badly corroded; spout and central body of the vessel missing; 
restored base, neck and handle from several fragments. Ewer 
with dished base, curved body with slightly rounded shoulder, 
concave neck, with wide band below an everted rim. On the 
interior of the rim is a flange with three rivet holes (one rivet in 
place) by which the handle was attached. The handle has 
sprung away from the rim but appears to have been joined 
originally by lapping and rivets. XRF detected only Sn 1%, 
Late 7th – 6th century BC.” 
 
Note – the date of UC 30669 and 1971.138 do not match. UC 
30669 A-Q is H5-2263 (copper ewer) whereas 1971.138 is H5-
2483 = UC 30669 R-S (incense burner top). Petrie catalogue 
card says: “ Fragments UC 30669 R-S would appear to belong 
to H5-2483 (incense burner top) as they are rim pieces… 
(Fragments R & S given to Ashmolean Nov. 1978 as they 
appear to be incense burner top. Ash. 1971.138 = H5-2483 
(4724). Previously at UC and exchanged in 1974.) All 
unconserved.” 
Conservation treatment No record, all references cited to this object claim no 
conservation treatment. It appears that neither fragment R or S 
has been chemically cleaned but they have been mended. R 
and S both consist of 2 pieces that have been joined. Have been 
stored in a cardboard box with cotton wool since 1971. 
Identification of corrosion (XRD) 1) a sodium copper carbonate acetate; 2) chalconatronite 
  
  
 
SAMPLE NUMBER ASHMOLEAN 4 
Catalogue number 1969.482 
Description of sample corrosion sample was removed from stripped metal 
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Description of object Saqqara H5-237, Emery Excavation 1968-9 
Osiris statuette, with peg for insertion in base 
“Figure of Osiris, standing on square plinth, with tang below; 
wearing Atef-crown. H .152” 
Conservation treatment Appears to have been chemically stripped 
 
Identification of corrosion (XRD) 1) a sodium copper carbonate acetate; 2) quartz 
  
SAMPLE NUMBER ASHMOLEAN 5 
Catalogue number 1969.483 
Description of sample blue-green and white crystals are preserved in recessed areas 
where protected from handling, these were sampled; 
unlike corrosion on other objects, this is rather crusty 
 
Description of object Seated figurine 
Late Period Saqqara H5-122, Emery 1968-9 Excavation 
“Figure of Isis, seated, right hand below breast, left hand 
supporting the infant Horus; wearing disc, horns (one horn 
incomplete) and uraeus; tang below feet. H .132” 
Conservation treatment partially cleaned 
 
Identification of corrosion (XRD) A sodium copper carbonate acetate 
  
SAMPLE NUMBER ASHMOLEAN 7 
Catalogue number 1969.484 
Description of sample removed blue and white crystals from inside of loop, from 
(un)cleaned area (? ), (cuprite surface?) 
 
Description of object Saqqara Late Period H5-199, Emery Excavation 1968-9 
“Menat, Plain, loop at top. W .029, L .099” 
(looks like a flat amulet) 
 
Conservation treatment partially cleaned, textile pseudomorphs preserved in corrosion 
on bottom half of object, a few blue spots present on cleaned 
and uncleaned areas (both sides) 
Identification of corrosion (XRD) A sodium copper carbonate acetate 
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Appendix 13.3 British Museum  Case Studies  
 
SAMPLE NUMBER BM1 
Catalogue Number 67208 = 1971-1-23-24 
Description of Sample small loose fragments were sampled that had blue/green corrosion from 
interior of vessel. Outside of vessel doesn’t have blue/green corrosion except 
along rim (not sampled). One side only of these loose fragments had the 
blue/green corrosion (i.e. interior of vessel).  
Description of Object hammered vessel, cast rim (?) 
“Hammered bronze jar. H5-2488 [4729]. From Sector 3, Falcon Gallery 16, 
cache 9. H. 21.5 cm, diam. (top) 9.0 cm. Partially damaged on one side. Ovoid-
shaped jar with short neck and everted rim, which has an additional metal strip 
beaten over to form a rolled rim. There are traces of three soft solder marks, 
two on one side and one on the other side of the inscription, possibly originally 
securing small handles. The round base is indicated by a small punched circle 
with six dots around it. Around one-third of the vessel is a line and a half of a 
dotted demotic inscription which reads: ‘Thoth, the great god, and Horus the 
falcon, the great god, who are in Hepnebes, give life to Hor son of 
Petenefertum whose mother is Tawa’. Comment: Spectrographic analysis of 
the rim undertaken in the British Museum’s Research Laboratory shows the 
following result. Cu 87.4%, Pb 0.70%, Sn 8.0%, Ag 0.09%, Fe 0.08%, Ni 
0.05%, Au 0.01%, Co 0.04%, As 0.60%, Zn 0.02%. Date: Late 4th – 3rd century 
BC. Bibliography: Emery, JEA 57 (1971), 7, fig. 1.6.” From The Temple 
Furniture form the Sacred Animal Necropolis at North Saqqara 1964-1976, 
Christine Insley Green, p. 56. 
Conservation Treatment “16/2/82 actively corroding 
6/5/82 treatment completed by this date 
Area of object: whole 
Condition: bad, potentially would break out all over so far only 3 severe 
outbreaks of paratacamite 
Treatment: emergency treatment of silver oxide in IMS 
Comments: the object was in Egyptian storage at the last minute it was decided 
to put on exhibition for 6 months Egyptian Exploration Society. Although the 
areas of bronze disease were far too large for one to normally use silver oxide 
however due to the urgency it was used. Fortunately, the silver oxide blended 
into the pot rather well. However I am advising Mr. lames that once exhibition 
has closed that I should like another look at it with a view to (   ?   ) is a long 
tedious treatment in BTA. Signed Celestine Enderly.” 
Identification of 
Corrosion (XRD at 
Getty) 
malachite 
  
SAMPLE NUMBER BM2 
Catalogue Number 68010 = 1971-1-23-122 
Description of Sample A few blue pustules on outer surface sampled. Lots of blue to sample on open 
shelf. January 28, 2008 sample ground for GADDS analysis in Museum 
Research Lab GCI 
Description of Object “Hammered bronze situla. H5-2262 [4408]. From Sector 3, north-east corner, 
cache 8. H. 21.9 cm (handle) 9.0 cm, diam. (base) 10.5 cm (neck) 4.4 cm. 
Badly corroded; indented, rim and neck slightly damaged; handle detached. A 
fragment from another vessel is still attached by corrosion. Flat-based situla 
with slightly pear-shaped body and sharp flat shoulder. The cylindrical neck is 
tall and narrow with two straight extensions of the rim in which are punched 
two ovoid holes for supporting a looped handle. Date: Late 7th – 6th century 
BC.” From The Temple Furniture form the Sacred Animal Necropolis at North 
Saqqara 1964-1976, Christine Insley Green, p. 54. 
Conservation Treatment “Treated July/August 1977 Paul Crabtree 
Condition: handle unattached and five loose fragments. Large fragment from 
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what appears to be another object cemented onto side of vessel with sand/mud. 
Active bronze disease present. 
Treatment:  
1) manual cleaning with scalpel, pin vice, glass bristle brush 
2) surface degreased with acetone 
3) surface lacquered with Incralac and Santocel matting agent 
4) loose fragments attached with HMG 
5) piece found and attached to area where handle pivots on main body of 
object 
 
21/6/1985 stabilization with BTA (O. Cohen) 
9/7/1985 rest of treatment (O. Cohen) 
area of object: whole 
condition: unstable metal part of the rim is missing 
treatment: stabilization with BTA in IMS gap filling of rim with polyester and 
glass fibers. Finished with polyester paste, Bondapaste. Painted with powder 
pigments and acrylic texture paste, Cryla Impasto. Coated with Frigilene, 
nitrocellulose lacquer.” 
Identification of 
Corrosion (XRD at 
Getty) 
1) a sodium copper carbonate acetate; 
2) copper sodium formate acetate 
  
SAMPLE NUMBER BM3 
Catalogue Number 68050  
Bronze bucket (68051 is the lid) 
Description of Sample Sampled from several areas on inside of bottom of bowl 
Description of Object “Bell-shaped basin with lid. H5-2486 [4727]. From Sector 3, Falcon Gallery 
16, cache 9. H. 22.5 cm, diam. (top) 30.2 cm (base) 10.0 cm. Corroded; base 
thin and damaged partly.  Hammered bronze bell-shaped basin on slight foot. 
On one side is a cast bronze handle with palmette finials through which it is 
riveted to the shoulder. A cross-bar is riveted through the centre to the body to 
take an additional strain. There is no apparent corresponding handle on the 
other side, which makes the basin difficult to manoeuvre except by tipping. 
Was there originally a cast foot? It is difficult to suggest its use because of the 
lack of Egyptian parallels. There is a convex lid which fits exactly over the top. 
Date: 4th – 3rd century BC. Bibliography: Emery, JEA 57 (1971), 7, fig. 1.8.” 
From The Temple Furniture form the Sacred Animal Necropolis at North 
Saqqara 1964-1976, Christine Insley Green, p. 58. 
Conservation Treatment “July/August 1977 Paul Crabtree 
Conditon: top fractured, substantial area missing. Active bronze disease 
present. 
Treatment:  
1) cleaning manually with scalpel, pin vice, glass bristle brush 
2) surface degreased with acetone 
3) surface lacquered with Incralac and Santocel matting agent 
 
November 1981 bucket (68050) and lid (68051) 
Condition: broken out in bronze disease 
Treatment November 1981: removed lacquer with Nitromors methylene 
chloride.  
Treatment February 1981: Put object in % BTA in water. Removed object for 
exhibition. Removed from BTA on February 11. Celestine Enderly 
 
Comments: believed it should have soaked in BTA a longer time. To be kept 
under observation.  
 
9/7/1985 O. Cohen 
Condition: weak base because of large missing areas 
Treatment: strengthened by 3 strips of glass fiber and polyester resin 
Condition inside: white deposit in streaks – possible BTA leaching out 
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Treatment: swabbed with acetone to remove lacquer. Swabbed with IMS to 
remove white. Sprayed with Ercalene, acrylic lacquer/reducer.” 
Identification of 
Corrosion (XRD at 
Getty) 
calcite 
  
SAMPLE NUMBER BM4 
Catalogue Number 68048 = 1971-1-23-259 
Description of Sample January 28, 2008 sample ground for GADDS analysis in Museum Research 
Lab GCI 
Description of Object “Hammered Bronze Base. H5-2477[4718]. From Sector 3, Falcon Gallery 16, 
cache 9. H. 13.5 cm, diam. (base) 20.0 cm. Flaring base showing traces of two 
and possibly three rivet holes around the top, which is jagged, and broken 
away from it stem; the rivets are probably an ancient repair. Date: 4th – 2nd 
century BC.” From The Temple Furniture form the Sacred Animal Necropolis 
at North Saqqara 1964-1976, Christine Insley Green, p. 34. 
Conservation Treatment “November 1977 
Condition: powdery light blue deposit on surface inside. Small amount of mud 
present.  
Treatment: 
1) light cleaning with scalpel, pin vice and glass bristle brush 
2) lacquered with Incralac and Santocel matting agent 
Treament by Paul Crabtree 
 
26/6/1985 signed Orma Cohen 
Condition: spots of bronze disease 
Treatment: cleaning powdery surface with scalpel and brush” 
Identification of 
Corrosion (XRD at 
Getty) 
A sodium copper carbonate acetate 
  
SAMPLE NUMBER BM5 
Catalogue Number unregistered Saqqara object 
Description of Sample Blue/white crystals are growing on top of corrosion (malachite, etc.). 
Description of Object Cast object, solid, Osiris torso 
Small figurine with white and blue salts 
Label in drawer says “Saqqara 1970 BM Trustees’ Meeting 23/1/1971” 
L 5.7 cm, W 2.5 cm, Th max 1.1 cm after sampling. 
Probably excavated 1970-1972. 
 
It may be a leaded bronze, is quite heavy for its size. On front of figurine: 
blue/white crystals were very deep, surrounding a white and dark area. Narrow 
white ring surrounds wider blue area. See photo taken after sampling.  
Elemental composition 
(technique not specified 
at British Museum) 
Cu 80%, Sn 3%, Pb 16%, As 0.8% 
Metallographic 
examination (British 
Museum) 
As-cast structure; eqi-axed structure; lead globules and eutectoids are present; 
backscatter image shows eutectoids and lead globules (some partially 
corroded) 
Conservation Treatment Object has not been mechanically cleaned, no evidence of chemical cleaning 
either. Cannot say if it ever went through a stabilization process or not. 
Identification of 
Corrosion (XRD at 
Getty) 
1) a sodium copper carbonate acetate; 
2) chalconatronite 
XRD (British Museum) chalconatronite 
Raman Spectroscopy 
(British Museum) 
Sodium acetate trihydrate 28-1030 
  
SAMPLE NUMBER BM6 
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Catalogue Number unregistered Saqqara object 
Description of Sample Blue crystals pushing up corrosion layer off the surface. I took photo before 
sampling. Blue is mostly on edges and inside, and in one place on outer 
surface where malachite may be missing. On inside a dark layer of copper 
oxide or tin oxide (?) is on top of the blue corrosion. Sample contains both this 
dark corrosion and the blue corrosion.  
Description of Object  in shape of a lamp spout (?), cast object 
Fragment (one end) of hollow object, unidentified. Probably excavated 1970-
1972. 
L 4.3 cm, W. 3.1, Th max 2.4 
Conservation Treatment ?? 
Identification of 
Corrosion (XRD at 
Getty) 
1) a sodium copper carbonate acetate; 
2) chalconatronite; 
3) quartz 
Raman Spectroscopy 
(British Museum) 
a sodium copper carbonate acetate 
 
  
SAMPLE NUMBER BM7 
Catalogue Number  
Unregistered Saqqara object 
Description of Sample No material on inside except for a lining of earth. Lumps of earth in places on 
exterior as well. Some earth from object fell into corrosion sample. 
Description of Object BM7 =, hollow, resembles incomplete situla, Saqqara 
Probably excavated 1970-1972. 
L 6.9 cm, W 2.9 cm, Th max 2.8 cm 
In wooden drawer with unregistered (and registered) Saqqara objects (BM5 – 
BM9). 
Cast object. White and blue crystals sampled on exterior.  
Conservation Treatment None apparent, earth preserved on inside and outside 
SEM-EDX of corrosion 
at British Museum 
Cu, Na, O, Si, Ca, S, some Pb, Cl , P 
SEM-EDX of soil from 
object at British 
Museum 
 Na 
Identification of 
Corrosion (XRD at 
Getty) 
1) a sodium copper carbonate acetate;  
2) quartz 
 
XRD at British Museum 1) chalconatronite; 2) sodium acetate trihydrate; 3) copper sulphate hydrate; 4) 
quartz 
Raman Spectroscopy 
British Museum 
sodium acetate trihydrate and a sodium copper carbonate acetate 
  
SAMPLE NUMBER BM8 
Catalogue Number Unregistered Saqqara object. Near label H5-407  (this identification H5-407 
isn’t certain, isn’t listed in Green or Hastings) 
Description of Sample Sampled blue corrosion on underside, only a small sample was available for 
removal 
Description of Object L 11.4, W 2.8, Th max 0.9 cm 
Probably excavated 1970-1972. 
Osiris, votive figurine, cast, chemically stripped with malachite preserved 
mostly on underside.  
Elemental composition  
(technique not specified 
at British Museum) 
Cu 88%, Sn 2%, Pb 8%, Cl 2% 
Metallographic 
examination (British 
Museum) 
As-cast and equi-axed structure without eutectoids   
Conservation Treatment Partially stripped 
Identification of 1) a sodium copper carbonate acetate; 
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Corrosion (XRD at 
Getty) 
2) quartz; 
3) cuprite 
  
SAMPLE NUMBER BM9 
Catalogue Number unregistered Saqqara object  
Description of Sample Perhaps organic pseudomorphs on side with thick malachite, the side without 
blue corrosion. The inside surface of the box has the blue corrosion. One area 
on frag (a) had a thick lump of the blue corrosion. It has a chalky feel, 
probably heavily leaded. I sampled both (a) and (b). 
 
Description of Object In a box with other unregistered Saqqara objects inside wooden drawer. 2 
fragments of heavy flat slab of leaded (?) bronze.  
Probably excavated 1970-1972. 
Once part of a bronze box (?). The 2 fragments join, broken edges show that 
this formed the side of a rectangular shape (box?). I sampled this. 
Frag. a) L 6.0, W 6.5, Th max 1.0 cm 
Frag. b) L 5.0, W 7.0, Th max 1.0 cm 
Under object is a label that reads “To EA 5086”. 2 labels not attached to object 
in this box read: “1) 1971, 1-23, 1, 67185; 2) G6, Sector 7 beside long 
“boundary” wall on other side GG-12-5171”. 67185 is a situla in beautiful 
condition from Sector 4, courtyard, cache 2 (Green 1987, cat. No. 165).  
 
Label in drawer next to box with bronze slabs reads “Saqqara (EES) 1970-2 
undistributed fragments”. 
 
EA506 = G4-50[5086] in Cairo Museum: “from G5, sector 6, cache 2. Statue 
of seated baboon made of greywacke (dark-colored sandstone), squats on 
shrine-shaped plinth, a hole beneath the shrine may have been for the peg by 
which it was fixed to a 2nd base presumably of wood. Late period.” (Hastings 
1997, cat. No. 179). Could this heavily leaded rectangular object have been the 
2nd base? The width matches the width of the Baboon plinth (7 cm.). 
Conservation Treatment unknown 
Identification of 
Corrosion (XRD at 
Getty) 
1) unidentified compound 
2) quartz 
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Appendix 13.4  Fitzwilliam Museum   Case Studies 
 
SAMPLE NUMBER FITZWILLIAM 1 
Catalogue Number E.169.1891 
Description of Sample Blue and white crystals, some hard, hollow bubbles similar to those 
sampled on Agora objects 
Description of Object Wooden casket with four compartments. Bronze lock plate on front. H. 
0.11m, L. 0.13 m, W. 0.13 m. Production Place: Egypt; Period: Coptic. 
Bronze plate on front doesn't appear to have ever been removed. It is held 
to box with iron nails. Photo taken in 1985 shows many of the corrosion 
patches existing today but less developed. In 1990 object was moved into 
dry storage with RH ca. 35%. 
Conservation Treatment No records. The bronze doesn't appear to have been chemically or 
mechanically cleaned. Coated with wax. 
Identification of Corrosion 
(XRD at Getty) 
Copper sodium formate acetate (1:1:1:2 or 1:1:2:1) 
(CuNaCxHyO6). For this compound see Trentelman, K. et al. The 
characterization of a new pale blue corrosion product found on copper alloy 
artifacts. Studies in Conservation 47  (2002) 217-227. 
Previous analysis Steven Duncan (no carbonyl corrosion compounds) 
  
SAMPLE NUMBER FITZWILLIAM 2 
Catalogue Number E.55.1954 
Description of Sample Blue powder removed from inside of base, quite thick in places.  
Description of Object Statuette of Imhotep with inlaid eyes holding an inscribed ?. H. 0.14 m. 
Production Place: Egypt. Inscription translation: Imhotep son of Ptah born 
of Kheredu'an… May preserve a core. 
Conservation Treatment No records. Appears to have been chemically cleaned, some malachite is 
left on surface. Arms are a bit etched, otherwise is not overcleaned. 
Identification of Corrosion 
(XRD at Getty and UCLA) 
Sodium lead carbonate hydroxide (37-0501) and quartz (33-1161) and 
unidentified compound 
  
SAMPLE NUMBER FITZWILLIAM 3 
Catalogue Number E.38.1971 
Description of Sample Crusty corrosion, difficult to remove. 1 large granule removed. Similar in 
appearance to corrosion on E.23.1940 (Sample 4).  
Description of Object Seated statuette of the child Horus. Cast bronze. From Saqqara, Egypt. H. 
0. 085 m. Date 400 to 301 BC. May preserve a core. 
Conservation Treatment No records. Object has been chemically stripped.  
Identification of Corrosion 
(XRD at Getty) 
Not yet identified, Similar to Fitz 6 
  
SAMPLE NUMBER FITZWILLIAM 4 
Catalogue Number E.23.1940 
Description of Sample Crusty corrosion, difficult to remove. Similar in appearance to corrosion on 
E.38.1971 (Sample 3). 
Description of Object Statuette of seated and crowned Sakhmet. Production Place: Egypt. H. 0.28 
m. May preserve a core. 
Conservation Treatment No records. Has not been chemically stripped.  
Identification of Corrosion 
(XRD at Getty and UCLA) 
Not yet identified, Similarities with Fitz 3 and Fitz 6 
  
SAMPLE NUMBER FITZWILLIAM 5 
Catalogue Number E.GA.2797.1943 
Description of Sample Soft blue powdery corrosion removed from inside suspension ring. 
Collected sample from wax paper.  
Description of Object Heavily leaded bronze weight, bell shaped, with suspension hoop. H. 0.033 
m. Production Place: Egypt. 
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Conservation Treatment No records. Not chemically stripped.  
Identification of Corrosion 
(XRD at Getty) 
A sodium copper carbonate acetate 
(NaCu(CO3)(CH3CO2) and copper sodium formate acetate. see Thickett, 
D., and M. Odlyha. 2000. Note on the identification of an unusual pale blue 
corrosion product from Egyptian copper alloy artefacts. Studies in 
Conservation 45: 63-67. 
  
SAMPLE NUMBER FITZWILLIAM 6 
Catalogue Number E.GA.3467.1943 
Description of Sample Collected sample from wax paper. 
Description of Object Bronze spoon handle (?). H. 0. 197 m. Production Place: Egypt.  
Conservation Treatment No records. Not chemically stripped. 
Identification of Corrosion 
(XRD at Getty and UCLA) 
Not yet identified, Similar to Fitz 3 
  
SAMPLE NUMBER FITZWILLIAM 7, 8 
Catalogue Number GR.1.1976 
Description of Sample Sample 7: Dark corrosion removed from inside near curved end. This 
corrosion is surrounded by the blue corrosion in sample #8. The dark 
corrosion is more granular than the blue. Sample 8: Blue corrosion 
removed from inside near curved end. The blue surrounds the dark 
corrosion sampled in #7. Both corrosion areas are quite thick. 
Description of Object Copper alloy panther, finial from fulcrum of couch. Cast. H. 0.085 m, 
Depth 0.055 m. Production Place: Italy. Period; Early Roman. Date: 100 - 1 
BC. 
Conservation Treatment No records. Not chemically stripped. 
Identification of Corrosion 
(XRD at Getty and UCLA) 
Sample 7: tenorite and a sodium copper carbonate acetate  
Sample 8: a sodium copper carbonate acetate (NaCu(CO3)(CH3CO2) and 
unidentified compound. see Thickett, D., and M. Odlyha. 2000. Note on the 
identification of an unusual pale blue corrosion product from Egyptian 
copper alloy artefacts. Studies in Conservation 45: 63-67. 
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Appendix 13.5 Liverpool Museum   Case Studies 
 
SAMPLE NUMBER SAMPLE 1 
Catalogue Number Inv. No. 1969.112.32 (Saqqara) Acquired in 1969 
 
Description of Sample Sample 1 is pale green with white crystals. I didn’t sample small 
blue/green area. 
Description of Object “Cast bronze situla. From Square H5. H. 7.6 cm, corroded; 
handle and part of one lug missing.” (Green 1987, p. 106) 
pale green (chalconatronite?) in areas where original surface is 
lost, with white crystals (Sample 1). Small area of blue/green 
(acetate?) at edge between pale green and original surface 
corrosion layer.  
Conservation Treatment treated with BTA August 1987 
 
Identification of Corrosion (XRD at 
Getty) 
Chalconatronite and unidentified compound 
  
SAMPLE NUMBER SAMPLE 2 
Catalogue Number Inv. No. 1969.112.35 (Saqqara) Acquired in 1969 
Description of Sample Similar condition to 1969.112.32 but with more areas of blue 
corrosion (Sample 2). Cuprite/tenorite (brown) under the blue 
corrosion. 
Description of Object “Cast bronze situla. From Square H5. H. 7.9 cm, corroded. Top 
register: Baboon adores shrine boat and another boat. Lower 
register: altar bearing lotus before ithyphallic Amûn, Isis and 
Nephthys holding wadj-sceptres, and another deity.” Green 1987, 
p. 91). 
Conservation Treatment treated with BTA August 1987 
 
Identification of Corrosion (XRD at 
Getty) 
1) sodium copper carbonate acetate and 
2) unidentified compound (d 7.6, 6.6) 
  
SAMPLE NUMBER SAMPLE 4 
Catalogue Number Inv. No. 1973.2.548 (Lang) Acquired in 1973 
(not Saqqara) 
Description of Sample Bright blue corrosion sampled (Sample 4) from areas where 
original surface (corrosion) is gone, from an area of two inlays? 
Description of Object Flail, an attribute of the god Osiris. Appears to have inlaid 
material along flail forming alternating color scheme (Lang 1994, 
p. 39). One inlaid area lost near the end was replaced by a bright 
blue corrosion. Or perhaps it was glass, enamel or faience inlay 
that corroded to a formate/acetate under the influence of 
formic/acetic acid in storage. Perhaps the bright blue is sodium 
formate as found in the Petrie collection(?). Another area in 
center of handle also had bright blue corrosion that was sampled 
– the two sampled areas were combined into one sample.  
Conservation Treatment No treatment record. Doesn’t appear to have been mechanically 
or chemically cleaned. 
Identification of Corrosion  (XRD at 
Getty) 
1) a sodium copper carbonate acetate 
2) copper sodium formate acetate  
  
SAMPLE NUMBER SAMPLE 5 
Catalogue Number Inv. No. 1973.4.30 (Lang) Acquired in 1973 
(not Saqqara) 
Description of Sample Sampled blue corrosion where object was in contact with 
hardboard surface in 1995.  
Description of Object Censer handle in the shape of hawk’s head. Cast bronze. Blue 
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corrosion underneath face of hawk and on one side of the neck. 
This side of the head was lying in direct contact with the 
hardboard tray in plywood and hardboard box in 1995 (Lang). 
Areas on back of head and neck have smooth patina exposing 
compact cuprite layer. Same condition as Inv. No. 1973.2.548. 
Wood preserved in desiccated state from wooden handle/staff 
inside the object. 
Conservation Treatment No treatment record 
Identification of Corrosion (XRD at 
Getty) 
A sodium copper carbonate acetate 
  
SAMPLE NUMBER SAMPLE 6 
Catalogue Number Inv. No. 56.22.215 (Lang) Acquired in 1956 
(not Saqqara) 
Description of Sample Blue and white corrosion removed from one of two bosses, the 
one with a small, dislodged fragment. This object was completely 
mineralized in the center where the fragment broke off. Sample 
removed from concave surface of boss and from loose fragment. 
Description of Object Pierced boss (one of two). Acquired from Norwich Castle 
Museum in 1956. 
Stored in a card tray in plywood and hardboard box in 1995 
(Lang).  
Covered with green corrosion (presumably malachite) with 
extensive areas of blue corrosion (with white crystals) on both 
sides. 
Conservation Treatment No treatment record, difficult to determine from visual 
examination 
Identification of Corrosion  (XRD at 
Getty) 
1) a sodium copper carbonate acetate 
2) unidentified compound (d 16.69 100%) 
  
SAMPLE NUMBER SAMPLE 7 
Catalogue Number Inv. No. 1978.291.123 (Lang) Acquired in 1978 
(not Saqqara) 
Description of Sample Sample 7 are white crystals, some quite large, on pale green 
corrosion. Prior to analysis the white crystals were thought to be 
sodium acetate hydrate or BTA. 
Description of Object Seated figure (Harpocrates seated on a lotus flower, Greco-
Roman style). Green corrosion over much of statuette, white 
crystals of varying sizes concentrated in a couple of areas (see 
photos).  Object is very heavy, solid, core preserved (?). Iron (?) 
strip is embedded in base lengthwise (original? purpose?). 
Stored in wooden chest of drawers in a card tray lined with acid-
free tissue until recently. 
Conservation Treatment 1985 mechanically cleaned, BTA, coated with microcrystalline 
wax 
Identification of Corrosion  
(XRD at Getty) 
1) sodium acetate hydrate 
2) a sodium copper carbonate acetate 
3) unidentified compound (d 6.6 100%) 
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Appendix 13.6  Athenian Agora  Case Studies 
 
AGORA SAMPLES TAKEN 1999 
 
Sample number  1 
Description of Sample blue 
Description of Object πθ3844, unidentified object, excavated in 1936 from cistern in section πθ 
Identification of Corrosion 
(at British Museum by 
David Thickett) 
A sodium copper carbonate acetate Type B 
  
Sample number 2 
Description of Sample Blue and white 
Description of Object φ1130a, bucket handle, excavated in 1937 from well in section φ 
Identification of Corrosion 
(at British Museum by 
David Thickett) 
1) Sodium acetate trihydrate 
  
Sample number 3 
Description of Sample blue 
Description of Object AB256, disc, excavated in 1939 from North Slope of the Acropolis 
Identification of Corrosion 
(at British Museum by 
David Thickett) 
A sodium copper carbonate acetate 
  
Sample number 4 
Description of Sample Blue 
Description of Object NSR-176, coin, excavated in 1938 from the North Slope of the Acropolis 
Identification of Corrosion 
(at British Museum by 
David Thickett) 
A sodium copper carbonate acetate 
  
Sample number 5 
Description of Sample Blue 
Description of Object N10763, coin, excavated in 1981 from section BE 
Identification of Corrosion 
(at British Museum by 
David Thickett) 
A sodium copper carbonate acetate 
 
 
Sample Number 
 
Agora 1 
Description of Sample Pale blue powder on surface in an area that is surrounded by a corrosion 
crust. Probably the same corrosion product as Sample 3b. 
Description of Object Bronze ring  
ΣΤ well in 38Θ  at 13.0 m, June 13, 1932. Not catalogued. 
Not chemically stripped, preserves a corrosion crust. Object could not 
have been chemically cleaned and have this corrosion crust that covers 
extensive areas. Individual white crystals are not visible among the pale 
blue crystals although a patch of white crystals is visible near edge of 
object. 
Identification of Corrosion 
(GADDS at Getty) 
Chalconatronite (22-1458 or 10-4410)  
SEM-EDS at Getty copper, sodium, carbon and oxygen 
  
Sample Number Agora 2 
Description of Sample Green patch rests on surface of metal, consists of a lighter and darker 
green. Hard and crusty. Corrosion crust consists of cuprite with earth and 
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extensive textile or root pseudomorphs.  
Description of Object Bronze ring, above 
Identification of Corrosion 
(GADDS at Getty) 
Paratacamite (70-0821) 
  
Sample Number Agora 3a 
Description of Sample Very thin, round, pale, blue, hollow and brittle formations like eggshells. 
These shells appear to have "bubbled up" from the surface of the metal. 
They are slightly more blue in color than the crystals in sample #1. 
Corrosion is directly on metal surface 
Description of Object Bronze ring, above 
Identification of Corrosion 
(GADDS at Getty) 
Connellite 35-0538; 
Thenardite 37-1465 
SEM-EDS at Getty chlorine, sulphur, and copper 
 
Sample Number Agora 6  
Description of Sample Blue crystals consist of light and darker crystals interspersed. The darker 
blue ones are shiny, the lighter ones are smaller and matt. The paler blue 
are bubble-like but not as developed as in Sample #3a. They are not 
hollow and are darker blue than Sample #3a. 
Description of Object Bronze Seal ΣΤ May 18, 1932 from dump. Not catalogued. This object 
has the appearance of having been chemically stripped since there are no 
corrosion layers. Underside of object has an area of green crystals and two 
areas of blue crystals (Sample 6).  
Identification of Corrosion 
Sample 6  
(GADDS at Getty) 
A sodium copper carbonate acetate Type B; unidentified compound 
  
Sample Number Agora 8 
Description of Sample Green and powdery corrosion, unlike Sample 32 which is hard and crusty 
Description of Object Bronze Seal ΣΤ 
Identification of Corrosion 
(GADDS at Getty) 
Paratacamite (87-0679) 
 
 
AGORA SAMPLES TAKEN AUGUST 22, 2006 
 
Sample Number A 
Description of Sample White, light blue and beige fibers form a mesh on surface, don't appear to 
be well attached to metal underneath, they lift off like a veil. When first 
seen they were thought to be cotton wool adhering to surface!! 
Description of Object Axe Head  
AB (North Slope) 
Not catalogued 
Label says "AB, Well A, April 9, 1938, 6:00-6:70 m, Roebuck p. 119, 
bronze" (given the number XB0003 by SCJ in 1997) 
 
the side with the crystal mesh also shows what may be blue and white 
acetate crystals, all these are on one side only, probably the side that was 
facing down  
 
has not been chemically stripped, no signs of mechanical or chemical 
cleaning 
Identification of Corrosion 
(GADDS at Getty) 
Unidentified 
  
Sample Number D 
Description of Sample Smooth blue corrosion close to surface, under the blue are white corrosion 
pits; does not resemble Samples A,B,C 
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Description of Object Long bronze rod 
AB 217 
May 18, 1937, Well M, O.B. p. 142, L. 0.275, Diam. 0.015 
 
Catalogue card description: "Solid rod with six circular lines together and a 
few near one end. w. AM 239 ?" 
Has been chemically stripped 
Identification of Corrosion 
(GADDS at Getty) 
A sodium copper carbonate acetate Type B; unidentified compound 
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Appendix 14.1 Petrie Museum Objects 
 
 
UC30449 copyright of the Petrie Museum 
of Egyptian Archaeology 
 
 
UC30552 copyright of the Petrie 
Museum of Egyptian Archaeology 
 
 
 
 
 
UC30667 copyright of the Petrie Museum 
of Egyptian Archaeology  UC30808 copyright of the Petrie 
Museum of Egyptian Archaeology 
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UC30668 (photo Alice Boccia Paterakis, field 
of view is approximately 28 cm across) 
copyright of the Petrie Museum of Egyptian 
Archaeology 
 
UC30660 (photo Alice Boccia 
Paterakis, field of view is 
approximately 7 cm across) 
copyright of the Petrie Museum of 
Egyptian Archaeology 
UC30669 (photo Alice Boccia Paterakis, field of 
view is approximately 15 cm across) copyright of the 
Petrie Museum of Egyptian Archaeology 
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Appendix 14.2 Ashmolean Museum Objects 
 
 
Images are reproduced less than 72 dpi by request of the Ashmolean Museum, 
University of Oxford 
 
 
 
 
1971.138 before sampling (photo Alice Boccia Paterakis, field 
of view is approximately 16 cm across) Ashmolean Museum, 
University of Oxford 
 
1971.138 after sampling (photo Helen Whitehouse) 
Ashmolean Museum, University of Oxford 
 
 
1969.482 (photo Alice Boccia Paterakis, field of view is 
approximately 17 cm across) Ashmolean Museum, University 
of Oxford 
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1969.483 (photo Helen Whitehouse) Ashmolean Museum, 
University of Oxford 
 
 
1969.484 (photo Helen Whitehouse) Ashmolean Museum, 
University of Oxford 
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Appendix 14.3  British Museum Objects 
 
 
BM 67208  
© Trustees of the British Museum 
 
 
 
BM 67208 photo Alice Boccia 
Paterakis (field of view is 
approximately 22 cm across) © 
Trustees of the British Museum 
 
 
 
BM 68050 photo Alice Boccia Paterakis 
(field of view is approximately 33 cm 
across) © Trustees of the British Museum 
 
 
BM 68010 photo Alice Boccia 
Paterakis (field of view is 
approximately 14 cm across) © 
Trustees of the British Museum 
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BM 68048 photo Alice Boccia Paterakis 
(field of view is approximately 25 cm 
across) © Trustees of the British Museum 
 
 
 
BM 5 photo Alice Boccia Paterakis (field 
of view is approximately 4 cm across)  
© Trustees of the British Museum 
 
 
 
BM 6 photo Alice Boccia Paterakis (field of 
view is approximately 4 cm across)  
© Trustees of the British Museum 
 
 
 
 
 
BM 7 photo Alice Boccia Paterakis (field 
of view is approximately 7 cm across) 
© Trustees of the British Museum 
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BM 8 photo Alice Boccia Paterakis (field of 
view is approximately 12 cm across)  
© Trustees of the British Museum 
 
 
BM 9 photo Alice Boccia Paterakis (field 
of view is approximately 12 cm across) 
© Trustees of the British Museum 
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Appendix 14.4   Fitzwilliam Museum Objects 
 
 
E.169.1891 reproduced by kind permission 
of The Fitzwilliam Museum, Cambridge, 
www.fitzmuseum.cam.ac.uk/ 
 
E.55.1954 reproduced by kind 
permission of The Fitzwilliam Museum, 
Cambridge, 
www.fitzmuseum.cam.ac.uk/ 
 
E.38.1971 reproduced by kind permission 
of The Fitzwilliam Museum, Cambridge, 
www.fitzmuseum.cam.ac.uk/ 
 
E.23.1940 reproduced by kind 
permission of The Fitzwilliam Museum, 
Cambridge, 
www.fitzmuseum.cam.ac.uk/ 
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E.GA.2797.1943 reproduced by kind 
permission of The Fitzwilliam Museum, 
Cambridge, www.fitzmuseum.cam.ac.uk/ 
 
 
 
 
 
E.GA.3467.1943 reproduced by kind 
permission of The Fitzwilliam Museum, 
Cambridge, www.fitzmuseum.cam.ac.uk/ 
 
GR.1.1976 reproduced by kind permission 
of The Fitzwilliam Museum, Cambridge, 
www.fitzmuseum.cam.ac.uk/ 
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Appendix 14.5   Liverpool Museum objects 
 
 
 
1969.112.32 (photo Ashley Cooke, 
reproduced with kind permission of 
National Museums Liverpool) 
 
 
 
1969.112.35 (photo Ashley Cooke, 
reproduced with kind permission of 
National Museums Liverpool) 
 
 
1973.2.548 (photo Ashley Cooke, 
reproduced with kind permission of 
National Museums Liverpool) 
 
1973.4.30 (photo Ashley Cooke, field of 
view is approximately 16 cm high, 
reproduced with kind permission of 
National Museums Liverpool) 
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56.22.215 (photo Ashley Cooke, reproduced with kind permission of National 
Museums Liverpool) 
 
  
1978.291.123 (photo Ashley Cooke, reproduced with kind permission of National 
Museums Liverpool) 
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Appendix 14.6   Athenian Agora objects 
 
 
ΠΘ3844 (photo Alice Boccia Paterakis, 
reproduced with kind permission of Agora 
Excavation) 
 
ΣT ring (photo Alice Boccia Paterakis, 
field of view is approximately 18 cm 
across, reproduced with kind permission 
of Agora Excavation) 
 
ΣT seal (photo Alice Boccia Paterakis, 
field of view is approximately 6 cm across, 
reproduced with kind permission of Agora 
Excavation) 
 
AB axehead (photo Alice Boccia 
Paterakis, field of view is approximately 
13 cm across, reproduced with kind 
permission of Agora Excavation) 
 
 
AB217 (photo Alice Boccia Paterakis, field 
of view is approximately 30 cm across, 
reproduced with kind permission of Agora 
Excavation) 
 
 
Φ1130a (photo Karen Loven, Agora 
Excavation, reproduced with kind 
permission of Agora Excavation) 
  554 
 
 
 
AB256 (photo Karen Loven, Agora 
Excavation, reproduced with kind 
permission of Agora Excavation) 
 
 
NSR-176  (photo Karen Loven, Agora 
Excavation, reproduced with kind 
permission of Agora Excavation) 
 
N10763  (photo Karen Loven, reproduced 
with kind permission of Agora Excavation) 
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Appendix 15: 
            Saqqara Bronzes 
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Appendix 15 Saqqara Bronzes Analyzed according to Site Location 
(Color coding refers to map in Figure 5.7) 
 
 Site Location Year of 
Excavation 
Saqq. 
Book 
Cat. 
No.* 
Inventory 
number 
Museum 
Sample # 
Corrosion Identification 
by XRD 
1 Sector 3, 
Falcon Gallery 
16, Cache 9 
1969/1970 62 30667 Petrie 10 Copper sodium formate 
acetate 
2 “ 
 
“ 154 30660 Petrie 3 Copper sodium formate 
acetate 
3 “ “ 71 68048 British 
Museum 4 
A sodium copper 
carbonate acetate 
4 “ “ 135 68050 British 
Museum 3 
Calcite 
5 “ “ 129 67208 British 
Museum 1 
Malachite 
6 “ “ 74 1971.138 Ashmolean 
1 
1)A sodium copper 
carbonate acetate 
2)Chalconatronite 
7 Sector 3, NE 
corner cache 8, 
1969/70 
1969/1970 119 30669 Petrie 5-8 1)Chalconatronite  
2)A sodium copper 
carbonate acetate 
3)Unidentified 
compound 
8 “ “ 123 68010 British 
Museum 2 
1) A sodium copper 
carbonate acetate; 
2) Copper sodium 
formate acetate 
9 Sector 1, 
North 
Courtyard, 
pit, south wall 
1964-1976 87 30552 Petrie 4 1)Sodium formate 
2)Unidentified 
Compound 
10 Square H5 
redim ** 
“ 208 1969.112.35 Liverpool 2 1) A sodium copper 
carbonate acetate; 
2) Unidentified 
compound 
11 “ “ 300 1969.112.32 Liverpool 1 1)Calconatronite; 
2)Unidentified 
compound 
12 Not listed 1964-1976 na E38.1971 Fitzwilliam 
3 
Not identified 
13 “ “ na 1969.482 Ashmolean 
4 
1)A sodium copper 
carbonate acetate; 
2)Quartz 
14 “ “ na 1969.483 Ashmolean 
5 
A sodium copper 
carbonate acetate 
15 “ “ na 1969.484 Ashmolean 
7 
A sodium copper 
carbonate acetate 
16 “ “ na 30808 Petrie 1 Copper sodium formate 
acetate 
17 “ “ na 30668 Petrie 9 1) Chalconatronite; 
2) Copper sodium 
formate acetate 
18 “ “ na na  British 
Museum 
(BM5) 
1)A sodium copper 
carbonate acetate; 
2) Chalconatronite; 
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3) Sodium acetate 
trihydrate1 
19 “ “ na na  British 
Museum 
(BM6) 
1)A sodium copper 
carbonate acetate; 
2) Chalconatronite; 
3)Quartz 
20 “ “ na na  British 
Museum 
(BM7) 
1)A sodium copper 
carbonate acetate; 
2)Chalconatronite1; 
3)sodium acetate 
trihydrate1; 
4)Quartz 
21 “ “ na na  British 
Museum 
(BM8) 
1)A sodium copper 
carbonate acetate; 
2)Quartz; 
3)Cuprite 
22 “ “ na na  British 
Museum 
(BM9) 
1)Unidentified 
compound; 
2)Quartz 
 
na = not applicable; color coding refers to map in Figure 5.7  
*From Green, C.I., 1987. The Temple Furniture from the Sacred Animal Necropolis at North Saqqara 
1964-1976, Egypt Exploration Society, London.  
** Redim is loose debris, “often the result of the successive disturbances from temple clear-outs, new 
building phases, iconoclasm during the Christian period, or the illicit operations of the sebbakhin and 
antiquities hunters.” (Green 1987, 1) 
1 identified at the British Museum by Quanyu Wang 
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                Analytical Results by Museum 
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Appendix 16  Summary of Analytical Results from All Museums 
 
Petrie Museum inventory no. Sample no. Identification of corrosion 
 
UC 30808 Petrie 1 Copper sodium formate acetate  
UC 30449 Petrie 2 Copper sodium formate acetate  
UC 30660B Petrie 3 Copper sodium formate acetate  
UC 30552 Petrie 4 1)Sodium formate   
2)Unidentified compound 
Petrie 5 1)Chalconatronite  
2)A sodium copper carbonate acetate 
3)Unidentified compound 
Petrie 6 1)Chalconatronite  
2)Unidentified compound 
Petrie 7 Unidentified compound 
UC 30669 
Petrie 8 1)Chalconatronite 
2) Unidentified compound  
 
UC 30668 Petrie 9 1) Chalconatronite  
2) Copper sodium formate acetate  
UC 30667 Petrie 10 Copper sodium formate acetate  
Fitzwilliam Museum inventory 
no. 
Sample no. Identification of corrosion 
 
E.169.1891 Fitz 1 Copper sodium formate acetate 
E.55.1954 Fitz 2 1)Sodium lead carbonate hydroxide   
2)quartz 
3)unidentified compound 
E.38.1971 Fitz 3 Not identified 
E.23.1940 Fitz 4 Not identified 
E.GA.2797.1943 Fitz 5 1)A sodium copper carbonate acetate 
2) Copper sodium formate acetate 
E.GA.3467.1943 Fitz 6 Not identified 
GR.1.1976 Fitz 7 1)A sodium copper carbonate 
acetate;  
2) tenorite 
 Fitz 8 1)A sodium copper carbonate acetate 
2)Unidentified compound 
Liverpool Museum inventory no. Sample no. Identification of corrosion 
 
1969.112.32 Liv 1 1)chalconatronite 
2)Unidentified compound 
1969.112.35 Liv 2 1)A sodium copper carbonate 
acetate; 
2) unidentified compound 
1973.2.548 Liv 4 1) copper sodium formate acetate; 
2) A sodium copper carbonate 
acetate 
1973.4.30 Liv 5 A sodium copper carbonate acetate 
56.22.215 Liv 6 1) A sodium copper carbonate 
acetate; 
2) Unidentified compound 
1978.291.123 Liv 7 1) sodium acetate hydrate; 
2) A sodium copper carbonate 
acetate; 
3) unidentified compound 
 
Ashmolean Museum inventory 
no. 
 
Sample no. 
 
Identification of corrosion 
 
  560 
1971.138 Ash 1 1)A sodium copper carbonate 
acetate; 
2) Chalconatronite 
1969.482 Ash 4 1)A sodium copper carbonate 
acetate; 
2)quartz 
1969.483 Ash 5 A sodium copper carbonate acetate 
1969.484 Ash 7 A sodium copper carbonate acetate 
British Museum inventory no. Sample no. Identification of corrosion 
 
1971.1.23.24 (67208) BM1 malachite 
1971.1.23.122 (68010) BM2 1) copper sodium formate acetate; 
2)A sodium copper carbonate acetate 
68050 BM3 Calcite 
1971.1.23.259 (68048) BM4 A sodium copper carbonate acetate 
Unregistered Saqqara bronze BM5 1) A sodium copper carbonate 
acetate; 
2) chalconatronite 
Unregistered Saqqara bronze BM6 1)A sodium copper carbonate 
acetate; 
2) chalconatronite; 
3)quartz 
Unregistered Saqqara bronze BM7 1)A sodium copper carbonate 
acetate; 
2) quartz 
Unregistered Saqqara bronze BM8 1)A sodium copper carbonate 
acetate; 
2) quartz; 
3)cuprite 
Unregistered Saqqara bronze BM9 1)unidentified compound; 
2)quartz 
Athenian Agora inventory no. Sample no. Identification of corrosion 
 
1999 campaign 
πθ3844 1 A sodium copper carbonate acetate 
Type B 
φ1130a 2 Sodium acetate trihydrate 
AB256 3 A sodium copper carbonate acetate 
NSR-176 4 A sodium copper carbonate acetate 
N10763 5 A sodium copper carbonate acetate 
2003 campaign 
Agora 1 chalconatronite 
Agora 2 paratacamite 
bronze ring ΣΤ 
Agora 3a 1)connellite 
2)thenardite 
Agora 6 1)A sodium copper carbonate acetate 
Type B  
2)Unidentified compound 
bronze seal ΣΤ 
Agora 8 paratacamite 
2006 campaign 
Axe head AB A Unidentified 
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      Microchemical Tests 
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Appendix 17  Microchemical Tests for the Detection of Acetates, 
Formates, and Sodium 
 
 
 
The following microchemical tests are suitable for water-soluble acetates and 
formates. Before performing spot tests it is recommended to test standard solutions of 
acetate and formate: 0.1 g. sodium acetate in 10 ml demineralized water; 0.1 g. 
ammonium formate in 10 ml demineralized water, for comparative purposes 
(Halsbergh 2005, 642). 
 
Microchemical (colorimetric) test for acetates and formates:  
 
Suitable for water-soluble acetates and formates. 
Dip strips of filter paper into a 0.5 M solution of FeCl3  (4 g. of FeCl3 in 50 ml water) 
and place on a glass or glazed ceramic surface. The formation of a deep red color 
(terracotta) indicates acetate or formate (ferric acetate, ferric formate) after placing a 
small sample of the efflorescing corrosion on the wet paper. This spot test works only 
with neutral pH salts such as the acetates and formates in question (Halsbergh 2005, 
642). It has been used successfully on a bronze Egyptian jug (Smithsonian inv. 
88659-61) (Halsbergh 2005, 644). Impurities and other salt species can interfere with 
the results. 
 
Microchemical tests (precipitation) for acetates and formates: 
 
The efflorescing corrosion is dissolved in demineralized water and a drop is joined 
with a drop of reagent. Acetates and formates are identified by the characteristic 
shapes of crystals that precipitate at the edge of the test drops (Halsbergh 2005, 642). 
A drop of reagent and a drop of the dissolved corrosion are placed on a glass 
microscope slide 3 to 4 mm apart. A bridge is drawn from the reagent to the solution 
with a needle or glass rod. A microscope is used to identify the precipitated crystal 
shapes. 
 
Silver nitrate test for acetates and formates:  
 
Acetates and formates may be detected in the silver nitrate test commonly used for the 
qualitative identification of chloride without the acidifying the solution, however. 
Normally the test solution is acidified to prevent the interference of carbonates. The 
test for acetate must be in a neutral pH solution. If acetate is present crystals of silver 
acetate grow at the edge of the drying drop that develop into long, thin plates usually 
about 200 to 400 µm long, with either pointed or rounded ends. For acetate crystals to 
form the solution must be pH neutral. Formates precipitate into “grey, pulpy tablets 
and star-shaped aggregates composed of thin prisms and needles.” (Halsbergh 2005, 
642).  
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Spot Tests for Sodium: 
 
Five spot tests for sodium use zinc uranyl acetate, α-methoxyphenylacetic acid, 
magnesium 8-amino-1-naphthalenesulfonate, 5-benzamidoanthraquinone-2-sulfonic 
acid, and potassium croconate (Feigl and Anger 1972, 428-40):  
 
 Zinc uranyl acetate test: salts of numerous cations interfere if present in 
quantities greater than 5 g. per liter. Solid sodium zinc uranyl acetate 
fluoresces a bright yellow-green in ultraviolet light (Feigl and Anger 1972, 
428). 
 α-methoxyphenylacetic acid test: barium, strontium, calcium, and cesium 
interfere (Feigl and Anger 1972, 429). 
 magnesium 8-amino-1-naphthalenesulfonate test: potassium, lead, 
magnesium, ammonium, and lithim do not interfere if they do not exceed 
certain limits. Other cations can interfere regardless of their concentration 
(Feigl and Anger 1972, 430). 
 5-benzamidoanthraquinone-2-sulfonic acid test: alkali metals and ammonium 
interfere (Feigl and Anger 1972, 430). It is the most sensitive (i.e. detects the 
smallest amount of sodium) of the five tests.  
 potassium croconate test: other alkali metals, ammonium and magnesium ions 
interfere in amounts over 100-fold (Feigl and Anger 1972, 431). 
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Appendix18: 
          International Chemical Safety Cards 
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Appendix 19: 
        List of Materials and Suppliers
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Appendix 19  List of Materials and Suppliers 
 
 
A-D Strips, manufactured by the Image Permanence Institute, Rochester Institute of 
Technology/IPI, 70 Lomb Memorial Drive Rochester, NY 14623-5604, USA, 
www.imagepermanenceinstitute.org (accessed Nov. 6, 2009) 
 
Ageless™ is manufactured by the Mitsubishi Gas Chemical America, Inc., 520 
Madison Ave., New York, NY, www.mgc-a.com  (accessed Nov. 6, 2009) 
 
Alucobond, Alucobond Technologies, Inc., PO Box 507, Symsonia Road, Benton, 
KY 42025, USA 
 
Artengel™ is available from Art Preservation Services, Inc., 315 E. 89th Street, New 
York, NY 10128, USA, http://www.apsnyc.com/html/contact.html (accessed Nov. 3, 
2009) 
 
Art-Sorb is available from Creative Humidity LLC, Raleigh, NC 27617, USA, 
http://www.artsorbonline.com/contact/ (accessed Nov. 3, 2009) 
 
Atco™ is manufactured by Standa Industrie, 68 Rue Robert Kaskoreff, 14050 Caen, 
France, www.standa-fr.com (accessed Nov. 6, 2009) 
 
Basic No-Blush transparent epoxy resin: Progressive Epoxy Polymers, Inc., 48 
Wildwood Dr., Pittsfield, NH 03263 
 
Cinefoil, available from Rosco Laboratories, 52 Harbor View, Stamford, CT 06902, 
USA, www.rosco.com/ (accessed Nov. 7, 2009) 
 
Coroplast, 4501 Spring Valley Rd., Dallas, TX 75244, USA 
 
Corrosion, Static Intercept, available from Engineered Materials, Inc., 113 McHenry 
Road, Suite 179, Buffalo Grove, IL 60089, www.staticintercept.com/ (accessed Nov. 
7, 2009) 
 
Dräger Safety, Inc., 101 Technology Drive, Pittsburgh, PA 15275, USA, 
www.draeger.com (accessed Nov. 6, 2009) 
 
FreshPax™ is manufactured by Multisorb Technologies, Inc. 325 Harlem St., #24, 
Buffalo, NY 14224, USA, www.multisorb.com (accessed Nov. 6, 2009) 
 
Gastec tubes are not available from the manufacturer, available from Instrument 
Depot, 115 Metro Park, Rochester, New York 14623, USA, 
www.instrumentdepot.com (accessed Nov. 6, 2009)  
 
Incralac® as supplied (15% solution in solvents): Conservation Support Systems, 
P.O. Box 91746, Santa Barbara, CA 93190-1746  
 
Marvelseal, available from Ludlow Coated Products, Laminating and Coating 
Division, 1 Minden Road, Homer, LA, USA. Also available from Talas, 330 Morgan 
  576 
Ave, Brooklyn NY 11211, USA, http://talasonline.com/ (accessed Nov. 7, 2009) 
 
Melinex, available from Tekra Corporation, 16700 West Lincoln Avenue, New 
Berlin, WI 53151, USA, www.tekra.com/ (accessed Nov. 7, 2009) 
 
Microchamber, available from Conservation Resources, 5532 Port Royal Road, 
Springfield, VA 22151, USA, www.conservationresources.com/  (accessed Nov. 7, 
2009) 
 
Moistop, available from Conservation By Design, Timecare Works, 5 Singer 
Way Woburn Road, Industrial Estate, Kempston, Bedford MK42 7AW, UK, 
www.conservation-by-design.co.uk/ (accessed Nov. 7, 2009) 
 
Mylar D, DuPont Polyester Film, PO Box 80013, Wilmington, DE 19880, USA 
 
Pacific Silvercloth, Springs Industries, 1430 Broadway, New York, NY 10018, USA 
 
Poligen® ES91009 (emulsion): BASF Corporation, 100 Campus Drive, Florham 
Park, NJ 07932. BASF US website: www.performance.basf-corp.com 
 
Purafil, Inc., 2654 Weaver Way, Doraville, GA 30340, USA, www.purafil.com 
(accessed Nov. 7, 2009) 
 
Rhapidgel™ is available from Art Preservation Services, Inc., 315 E. 89th Street, New 
York, NY 10128, USA, http://www.apsnyc.com/html/contact.html (accessed Nov. 3, 
2009) 
 
RPSystems™ are manufactured by the Mitsubishi Gas Chemical America, Inc., 520 
Madison Ave., New York, NY, www.mgc-a.com  (accessed Nov. 6, 2009) 
 
SKC, SKC Inc., 863 Valley View Road, Eighty Four, PA 15330, USA, 
www.skcinc.com/ 
(accessed Nov. 6, 2009) 
 
Supelco, Supelco Park, Bellefonte, PA 16823, USA, www.sigma-aldrich.com 
(accessed Nov. 6, 2009) 
 
Tyvek, DuPont Company, DuPont Fibers, Laurel Run Bldg., Rm 2N32, PO Box 
80705, Wilmington, DE 19880, USA 
 
University of Strathclyde Museum Diffusion Tubes, Dr. Lorraine Gibson, Dept. of 
Pure and Applied Chemistry, University of Strathclyde, 295 Cathedral Street, 
Glasgow G1 1XL, Scotland, gibson@strath.ac.uk 
 
 
